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radiological health. The Department was assigned 
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environmental radiation levels. The Department 
delegated this responsibility to the Division of 
Radiological Health, Public Health Service. 
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are provided to the Division of Radiological 
Health by other Federal agencies, State health 
departments, and foreign governments. Pertinent 
original data and interpretive papers are invited 
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Department of Agriculture 
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SECTION I.—AIR AND FALLOUT 


Fission Product Beta Activity in Airborne Particulates and Precipitation 


Early indications of possible fission product 
activity fluctuations in various phases of the 
environment are detectable by continuous surveil- 
lance of gross beta activity in air and precipitation. 
This form of surveillance does not provide suffi- 
cient information for assessing human exposure 
due to fallout, but it forms a basis for an alerting 
system and is useful in determining when and 
where to conduct more extensive monitoring of 
radioactivity in food, milk, and water. 

Gross beta concentrations for June 1963 are 
presented in reports from the Radiation Surveil- 
lance Network, the National Air Sampling Net- 
work, the Pan American Air Sampling Program, 
and Canadian Air and Precipitation Surveillance. 
Network intercalibration factors, determined by 
Lockhart and Patterson (1), were used in con- 
structing the isogram map (figure 6), which 
presents data on Canadian and U. S. gross beta 
radioactivity in air for June. To adjust the data 
from the two networks to a common baseline, the 
U.S. data were multiplied by a factor of 1.54, the 
U. S.-Canadian intercalibration factor suggested 
by the NRL study. 


REFERENCE 


(1) Lockhart, L. B., Jr., and R. L. Patterson, Jr.: Intercali- 
bration of Some Systems Employed in Monitoring Fission 
Products in the Atmosphere, NRL Report 5850, Washington, 
D.C. (November 13, 1962); abstracted in Radiological 
Health Data, December 1962. 


RADIATION SURVEILLANCE NETWORK 
June 1963 


Division of Radiological Health, 
Public Health Service 


The Radiation Surveillance Network (RSN) 
comprises 72 sampling stations distributed 


October 1963 


throughout the United States (see figure 1). Most 
of these stations are manned by State health 
department personnel. 


Air 


Daily 24-hour air samples are collected on a 
4-inch diameter, carbon-loaded cellulose dust 
filter in a high-volume air sampler. Field esti- 
mates of the gross beta activity of airborne partic- 
ulates are derived by comparing portable survey 
meter readings of these filters with readings taken 
from a Sr®-Y°® standard. This determination is 
usually made about 5 hours after the end of the 
sampling period to eliminate interference from 
naturally-occurring radon daughters. The Net- 
work’s station operators report their field esti- 
mates daily by telephone to the Radiation Surveil- 
lance Center, Division of Radiological Health, 
Washington, D.C. From this information, a daily 
national report is prepared. 

The filters are then forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, for a more refined measurement using 
a thin-window, gas-flow proportional counter, 
calibrated with a 40,000-pe Sr®-Y* standard. 
Each filter is counted at least 3 days after the end 
of the sampling period and is re-counted 7 days 
later. The initial 3-day aging of the sample elimi- 
nates interference from naturally-occurring radon 
and thoron daughters. From the two counts, 
which are separated by the 7-day interval, it is 
possible to estimate the age of fission products and 
to extrapolate the activity to the time of collec- 
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FIGURE 1. 


tion. The extrapolation is performed by using the 
Way-Wigner formula: AT!” constant (1).! 
The daily concentrations and estimated age are 
reported by the PHS in a monthly RSN report (2) 

The average fission-product beta concentrations 
in surface air during June 1963, as determined by 
laboratory analysis and extrapolated to the time 
of collection, are given in table 1. These data 
adjusted by the intercalibration factor 1.54),? 
together with corresponding Canadian data, are 
represented by isogram lines in figure 6 which show 
the distribution of fission product activity over 
most of North America 


Precipitation 


Continuous sampling for total precipitation is 
conducted at most stations on a daily basis, using 
funnels with collection areas of 0.4 square meter. 
A 500-ml aliquot of the collected precipitation is 
evaporated to dryness, and the residue is forwarded 
to the laboratory to be counted by the same 
method used for analyzing the air samples, in- 


1 In this expression, A is the activity and T is the time 
after fission product formation. 
? See reference 1 on page 1-1. 
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cluding extrapolation to the time of collection. 
If the collected sample is between 200 and 500 ml, 
the entire sample is evaporated. When a sample is 
smaller than 200 ml (equivalent to 0.5 mm or 0.02 
inches of rainfall), the volume of precipitation is 
reported, but no analysis is made. June 1963 
averages of gross beta activity in precipitation, 
expressed in picocuries per liter (pc/liter) and 
nanocuries per square meter (nc /m*), are presented 
in table 2 


Profiles 


The profiles of the monthly average fission pro- 
duct beta activity in airborne particulates for each 
RSN station covering the period of time from the 
formation of the network in 1956 to the end of 1960 
were published in RHD, July 1961. The profiles 
of 7 stations, through June 1963, are shown in 
figure 2. 


REFERENCES 


(1) Way, K., and E. P. Wigner: The Rate of Decay of 
Fission Products, Physical Review, 73:1318-30 (June 1948). 

(2) Radiation Surveillance Network: Monthly Tabulation 
of Findings, Division of Radiological Health, Public 
Health Service, Washington 25, D. C. (Distribution by 
official request). 
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TABLE 1.—FISSION PRODUCT GROSS BETA TABLE 2.—-GROSS BETA ACTIVITY IN : 
ACTIVITY IN SURFACE AIR—RSN, JUNE 1963 PRECIPITATION—RSN, JUNE 1963 
[Concentrations in pe/m'] / 
Number Average Total 
Station location of Maxi- Mini- Average! Station location concentration deposition* 
samples mum mum pe/liter ne/m? 
a 29 5.3 <0.10 2 Alaska: : | 
Anchorage 30 3.1 0.14 1.2 Anchorage 870 21 
aa: - —ae 30 6.2 0.16 1.8 | 
Fairbanks . 28 5.1 0.16 =.3 Fairbanks 1,200 31 
Juneau_-_. . 10 3.2 0.20 1.1 Juneau 540 4 
Kodiak - __ _- can 29 3.4 <0.10 1.3 
Nome. Se 8 3.0 0.16 1.3 
Point Barrow____-__. 11 3.5 <0.10 1.0 
St. Paul Island : 30 3.8 <0.10 0.98 
Ariz: Phoenix we . 30 19 6.2 12 
Ark: Little Rock 29 18 2.0 9.1 Ark Little Rock 1 , 001 
Calif: Berkeley _ _- 30 4.6 0.72 2 Calif: Berkeley 
Los Angeles 20 7.0 1.3 3.9 Los Angeles & 900 9 
Colo: Denver. _. , 29 20 3.5 8.5 Colo: Denver 2 , 000 R3 
Conn: Hartford... 30 11 0.25 6.3 Conn: Hartford 1,700 170 
Del: Dover. 20 12 1.2 7.5 i 
D.C: Washington - _. : 30 12 0.72 7.0 D.C: Washington 1.600 24 ' 
Fla: Jacksonville 28 7.5 2 3.6 Fla: Jacksonville 1,000 260 : 
Miami-__-- 30 5.3 0.46 3.0 Miami 570 92 i 
Ga: Atlanta._...-. 28 11 0.68 6.2 Ga Atlanta 4 
Guam: Agana.- 29 3.8 <0.10 0.89 | 
Hawaii: Honolulu ; 30 11 1.1 3.4 | 
Idaho:  Boise__- 30 13 1.0 7.8 Idaho Boise 2,900 191 i 
Ill: Springfield 29 14 2.1 7.8 Ill: Springfield 2,700 34 : 
Ind: Indianapolis 30 12 1.4 9.3 Ind: Indianapolis 3,400 15 : 
Iowa: Iowa City 27 9.2 1.4 5.6 Iowa: Iowa City | 
Kans: Topeka - : 28 12 2.4 6.3 Kan Topeka 1 , 30 120 . 
Ky: Frankfort 29 12 4.0 8.1 Ky: Frankfort 1, 90 71 
La: New Orleans 29 9.0 0.55 4.1 La New Orleans 4( 140 | 
Maine: Augusta 30 15 1.7 7.3 Maine Augusta 2.700 46 : 
Presque Isle 30 14 0.38 6.0 Presque Ish 1, 901 75 \ 
Md: Baltimore _ _- . 19 11 1.0 £. Md Baltimore 1, 3 40 ; 
Rockville 17 11 2.8 6.5 
Mass: Lawrence . 28 13 1.1 8.3 Mass Lawrence 200 94 
Winchester 29 13 0.73 6.5 Winchester » 600 116 : 
Mich: Lansing 30 13 1.4 8.5 Mich Lansing 1.9 16 : 
Minn: Minneapolis 29 11 0.45 7.6 Minn Minneapolis 3, 30K 200 : 
Miss: Jackson ‘ 28 13 1.3 6.5 Miss: Jackson 1,000 60 
Pascagoula. _. , 14 14 0.99 5.0 
Mo: Jefferson City 30 14 2.2 6.9 Mo Jefferson Cit 1, 40% ] 
Mont: Helena 30 12 2. 5.9 Mon Helena 2, 90 180 
Nebr: Lincoln - 12 11 3.1 6.7 Nebr Lincoln 1 301 9 
Nev: Las Vegas 29 29 9.6 17 Nev Las Vegas >, 100 9 : 
N.H: Concord - ; 20 20 0.92 10 : 
N.J: Trenton ‘ 30 13 0.53 6.1 N.J: Trenton 1,900 23 | 
N. Mex: Santa Fe 30 16 3.7 7.8 N. Mex: Santa Fe 4,700 140 / 
N.Y: Albany .. ... 27 15 1.4 8.3 N.Y: Albany 1,000 34 . 
Buffalo - _ . 14 13 3.1 9.2 Buffalo | 
New York 13 9.6 0.21 4.6 : 
N.C: Gastonia_. 29 12 - 7.0 N.C: Gastonia 540 59 { 
N. Dak: Bismarck d 28 12 0.48 6.5 N. Dak Bismarck 2,500 340 | 
Ohio: Cincinnati oak 20 11 2.9 8.1 Ohio / 
Columbus ‘ 30 12 3.4 8.3 Columbus 2,600 96 
Painesville . 29 17 2.0 9.6 Painesville 2 600 100 | 
Okla: Oklahoma City . 28 10 14 4.9 Okla Oklahoma City 1,300 35 
Ponca City 28 6.1 1.7 3.9 Ponca City 1,10 81 
Ore: Portland 29 21 1.4 5.3 Ore: Portland 450 16 ] 
| 
Pa: Harrisburg 26 10 <0.10 5.4 Pa: Harrisburg 1,600 43 : 
P.R: San Juan 21 4.2 0.56 2.8 P.R: San Juan 470 29 
R.I: Providence 26 15 0.73 7.0 R.I Providence 2,300 R0 
S.C: Columbia 27 13 1.3 5.7 S.C Columbia 420 30 
S. Dak: Pierre 29 12 0.70 6.6 S. Dak Pierre 2 500 150 
Tenn: Nashville 28 14 2.9 9.1 Tenn: Nashville 1,300 140 
Tex: Austin 30 9.1 Fe 3.8 Tex: Austin 490 47 
El] Paso 30 13 1.8 6.9 El Paso j 
Utah: Salt Lake City 29 16 4.6 9.8 Utah: Salt Lake City 3, 600 170 
Vt: Barre 30 16 0.38 9.5 Vt Barre 2 300 6R 
Va: Richmond 30 8.5 0.46 5.4 Va: Richmond 60 61 
Wash: Seattle 30 8.4 0.63 2.2 Wash Seat th 1,400 54 
W. Va: Charleston J 30 12 1.6 7.3 W. Va: Charleston 1,400 60 
Wisc: Madison 30 14 1.1 9.6 Wisc Madison 1,400 110 : 
Wyo: Cheyenne 30 23 3.1 9.3 Wyo Cheyenne 2,800 190 J 
Network 1906 29 <0.10 6.1 depos 10¢ 
* Depth of precipitation (mm 
con at [ r 
’ F : ; ne Dash indicates no evaporated sample received 
' The monthly average is calculated by weighting the individual samples | 
with the length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the <0.10 values represent more than 10°7 of 
the average, a less-than sign ( <) is placed in front of the average. | 
: 
| 


October 1963 








sass 


= — 


ss 


—s_ Ne 











ep stam ep = tat tn in pale a eaten ee es ee ee 


Se ner Se el eR ep EG pe cI 























































































































aad T y y | if 100 T T 
| } ] } | | } | 
4 KODIAK 7 4 JACKSONVILLE 4 
“ 4 
bn] | ALASKA S| Ba | | FLORIDA : 
4 | | 4 
8 oH ad z eo] al 
2» 3 > al 
z 7 é 7 | 4 
* w = 3 »- | ond 
é | | | | 
<* T T t T + T —J «<1 MAK =) ay -p--MAK- > — 
s me - % 3 
25 “a S05 wi — 
‘| 4 9 ) ae ; 
3 ” 4 8 7 
+ na 
o 1 + + ; = 3 1+ mA + + + + _— 
eo.5 “ 5-4 | “a 
50.2 | 4 2 | -max- | 4 
0.654 + t + ie RAE + + eIN-- MiN> if ssa {—======= 4 
0 1 TOW OWN v8 OFT Jaa da ° Daal Lul Laslaal | beslasbsstostostaal 1 id + 4 4. 
+: “8 oo =| 10 % 1957 1958 ee ae re | 1962 1963 
) a | T a a T T 100 T ] T T y 
4 
q BERKELEY 7 4 PAINESVILLE 
_* CALIFORNIA 4 8 0] * 
4 4 
o @ + 8 oo 7 
a» aan Ss »- od 
z 4 : 4 
rd “a 7 ¥ 2- 4 
, rv) 
<0 + + —_ «< 4 + + + + — 
3 3 5 | 
2 3 m "4 2 34 “a 
> 4 ° ‘ 
s ee derevecsecceseese 4 4 3 7 
S TUVETTETTTTTT TW T — 3 4 + + ; + t 7 
So.s | 4 $0.5 “7 
Xo 2 = = $0.2 4 | | “+ 
re ar ee S--mIn> eo a a KAP + t ze + p======+= === 
04 nl Lala dul l wae owe wee a ‘ A ; a ee re an ere bu 1 atu 
195 1958 my | 00 % 1962 1963 957 1958 "9 | 1960 196! 1962 1963 
ne ie aan es T Tar] T I T T 
4 HARTFORD 4 PONCA CITY 
b CONNECTICUT io! OKLAHO 7 
4 z = 
z e + oo | 4 
oe 4 is) | 4 
;  § E 
7 os : 
, © | ve | — 
<0 } ; — <1 + + + + + T 3 
% 3 a a 
2 3 “2 2 34 wa 4 
Spence | 7 9 ma 4 
a. | = , Preversesceecenees { 4 3 pecrescccsscsenes ' es j 4 
s a. } + + 3 14 = + . T T a 
Zo.s 4 Z0.5 4 ™ 
0 2 = $0.2 | | — 
as + MIN Ape MAN at MINS Se —— Se 3 ae + $A pe MAY a = MTN -—= eR DROS 
Desbisboalinl owe 4 eae eee eve ° Root FPN PPT PN PON PN PY PT | 7: we eee re 
: T } ] 1 1%! | 1962 1963 
s “e “eo } 0 1%! 962 1963 1957 | 1958 | 1959 90 
1a T T T — T T 
LEGEND 4 | PORTLAND 
- | OREGON 7 
y t 
z 4 
” err 2 > 
IMAGINA 
MA ’ Y AVERA NCENTRAT Vv 
« 
g Pen + 
f 3 
3 
= 0.5 f. \ g°- 
% 0.2 \}) Fo. 
S33 a Wy) 0.6 
: ( ) SY = 
Ag 0.1 1 - Lt) a 
A fF OF 0.1 > 
A REPOR AVERA 1S PLOTTED AS 0.05 (pc/er) 
REPORTED NUCLEAR DETONATIONS 
* * NA N (kK TON aan >€) NE vada TEST SITE & ia 18 A TT - wr =" . 1 
atm Pree r - . 
Ny a Laie / . 
NC . ROUND WITH REPORTED VENTING a ai Li pal a 
NDERwATER ' 
r y 7 
et Sli bh # i itl nd 
t RANGE { . 
A - . I 
| TON OF8 SMAL 
KNOTON 08 Low 10 mGH — . H 
mMeEGatT , 
I 1 
| reENCcH @ 
| | 
‘ 1. — oe yey - 
55 oss "s “8 ! 9 oe oe e6 


FIGURE 2. 














MONTHLY AND YEARLY PROFILES OF BETA ACTIVITY IN AIR, RADIATION SURVEILLANCE 
NETWORK, 1957-JUNE 1963 
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NATIONAL AIR SAMPLING NETWORK 
Second Quarter 1963 


Division of Air Pollution, 
Public Health Service 


The necessity of having basic data on the nature 
and extent of air pollution throughout the United 
States led to the organization of the National Air 
Sampling Network (NASN) in 19538. The NASN 
analyses air samples for the total quantity of 
suspended particulate matter, benzene-soluble 
organic matter, and gross beta radioactivity. 
Selected samples are also analyzed for nitrates, 
sulfates, and a number of metals. These analyses 
aid in the detection of trends in levels of pollution 
with respect to time, location, population density, 
climate, and other factors associated with air 
quality. 


Gross Beta Activity in Air 


NASN stations (see figure 3) are manned by 
coorperating Federal, State, and local agencies. 
The current basic network consists of 110 sampling 
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stations which operate every year in 73 large cities 
and 37 nonurban areas. In addition, there are 
stations in 130 cities which operate every other 
year. Thus, there are 240 sampling stations in all 
in the NASN network, of which 175 are active in 
any given year. 

Continuous 24-hour samples of suspended 
particulate matter are taken at each station. The 
samples, representing approximately 2,000 cubic 
meters of air, are collected on glass fiber filters on a 
biweekly random sampling schedule. They are 
then sent for analysis to the Network laboratory 
at the Robert A. Taft Sanitary Engineering Center 
in Cincinnati, Ohio. Second quarter 1963 data 
appear in table 3. 


Gross Beta Activity in Precipitation 


The present reporting of gross beta activity in 
precipitation originated in 1959 when a precipita- 
tion collection and anlysis program was established 
by the Weather Bureau Research Station in 
Cincinnati, Ohio, and the National Air Sampling 
Network. 


Monthly composite samples of pre- 
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FIGURE 3.—NATIONAL AIR SAMPLING NETWORK SAMPLING STATIONS, 1963 
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TABLE 3.—-FISSION PRODUCT GROSS BETA ACTIVITY IN SURFACE AIR--NASN, SECOND QUARTER, 1963 


{Concentrations in pe/m!‘}| 


Number 


Station location of Maxi- 

samples mum 

Ala Birmingham 7 15.8 
Huntaville 7 19.8 
Montgomery 7 16.3 

Alaska: Anchorage 7 17.6 
Pt. Woronzof 6 19.5 

Ariz Grand Canyon Pk 6 32.0 
Maricopa County 7 29.7 

Phoenix 6 23.8 

Tucson 7 30.4 

Ark Little Rock 3 14.3 
Montgomery County 6 19.2 

Calif Berkeley 5 ,.7 
Glendale 7 27.0 
Humboldt County 5 5.9 

Long Beach 7 19.8 

Los Angeles 7 19.9 

Monterey 6 10.1 

Oakland 6 14.3 

San Bernardino 7 25.0 

San Diego 6 19.4 

San Francisco 7 16.0 

San Jose 7 12.4 

Santa Barbara 7 13.8 

Stockton 7 12.4 

Colo Denver 7 i 
Montezuma County 6 22.0 

Pueblo 7 29.6 

Conn Hartford 7 23.2 
New Britain 4 15.4 

New Haven 7 21.6 

Norwich 7 30.0 
Waterbury 7 14.9 

Kent County 3 12.0 
Wilmington 7 16.5 

D.< Washingt on 7 28.5 
Fla Florida Keys 6 18.6 
Miami 7 23.4 

Orlando 6 17.5 

St. Petersburg 6 21.6 

Tampa 6 18.5 

Ga Atlanta 7 16.0 
Augusta 6 17.9 

Savannah 7 19.2 

Hawaii Honolulu 7 5.6 
Kahaluu 6 9.7 

Idaho Boise 6 12.3 
Butte County 5 30.0 

Til Chicago 6 16.4 
East St. Louis 5 13.8 

Joliet 7 19.1 

North Chicago 7 27.3 

Rockford 4 18.2 

Ind East Chicago 4 13.3 
Hammond 7 16.3 
Indianapolis 7 20.0 

Muncie 7 20.7 

Parke County 6 17.3 

South Bend 7 19.4 

Terre Haute 7 22.6 

lowa Cedar Rapids 7 14.9 
Davenport 6 49.3 

Delaware County 5 15.0 

Des Moines 6 22 .6 

Kans Topeka 7 13.2 
Wichita 7 19.0 

Ky Lexington 5 16.5 
Louisville 6 19.1 

La New Orleans 7 17.5 
Shreveport 4 17.8 

Maine Acadia Nat'l. Park 4 6.0 
Portland 7 15.5 

Md Balt imore 7 15.6 
Calvert County 6 15.0 
Cumberland 7 19.6 

Mass Boston 6 16.8 
Lowell 7 29.6 

Worcester 7 19.3 

Mich Dearborn 7 21.3 
Detroit 7 17.2 

Flint : 7 13.5 

Grand Rapids 6 17.4 

Jackson 7 20.4 

M uskegon 7 17.8 

Minn Duluth 6 18.3 
Minneapolis 7 16.4 

St. Paul 7 20.9 

Miss Jackson 6 18.4 
Jackson County 5 18.0 

Mo Kansas City 6 13.9 
Shannon County 5 18.0 

St. Louis 7 17.8 

Mont Glacier Nat Pk 6 19.2 
Helena 7 22 .6 

Nebr Omaha 7 13.3 
Thomas County 6 18.2 

Nev: Las Vegas 5 34.1 
Reno 5 18.5 


Nonurban station 
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N. Mex: 


N.Y: 


Wash: 


W. Va: 


Wis: 


Wyo: 


Net work 


Station location 


White Pine County! 
Coos County 
Atlantic City 
Bayonne 
Hamilton 
Jersey City 
Newark 
Paterson 
Albuquerque 
Colfax County! 
Cape Vincent! 
Glen Cove 
Massena 

New York City 
Niagara Falls 
Rochest¢ r 
Troy 

Cape Hatteras 
Charlotte 
Durham 
Greensboro 


Raleigh 


Bismarck 
Ward Count y 
Akron 


Canton 
Cincinnati 
Cleveland 
Columbus 
Dayton 
Hamilton 
Toledo 
Youngstown 
Cherokee County 
Oklahoma City 
Tulsa 

Curry County! 
Eugene 

Medford 
Portland 
Allentown 
Altoona 

Bet hlehem 
Clarion County 
Eric 

Johnstown 
Philadelphia 
Pittsburgh 
Scranton 

York 

San Juan 

East Providence 
Providence 
Washington County 
Charleston 
Columbia 
Richland County! 
Black Hills Forest 
Sioux Falls 
Chattanooga 
Knoxville 
Memphis 
Nashville 
Arkansas County 
Austin 
Beaumont 
Dallas 
Galveston 
Houston 

Odessa 

San Antonio 
Tyler 

Salt Lake City 
Burlington 
Orange County 
Hampton 
Lynchburg 
Norfolk 
Portsmouth 
Richmond 
Roanoke 
Shenandoah Nat’! Park 
Clallam County! 
Seattle 

Spokane 
Charleston 
Wheeling 

Door County 
Kenosha 
Madison 
Milwaukee 
Chevenne 
Yellowstone Park 


Number 
of Maxi- Mini- Average 
samples mum mum 
6 24.5 14.0 18.5 
5 14.4 5.1 9.9 
7 14.6 6.9 10.7 
6 19.8 3.8 10.5 
6 16.6 6.7 11.9 
6 32 .6 3.7 12.2 
7 18.0 12.7 
7 22.0 3.6 12.4 
z 15.6 5.0 10.7 
6 13.6 0.4 RY 
6 18.6 4.9 10.5 
5 10.8 BK, 8.4 
7 17.9 3.7 10.8 
7 24.2 7.8 16.5 
7 17.8 6.5 11.5 
7 16.0 5.7 10.8 
4 14.4 2.9 10.9 
5 16.7 6.3 2.4 
7 18.6 9.2 3.7 
7 19.7 6.6 12.3 
7 26.0 9.8 15.1 
7 18.5 4.1 10.4 
7 17.6 4.9 9.6 
7 16.0 5.2 9.6 
7 16.9 6.8 12.9 
7 14.4 , 10.3 
7 17.6 8.3 14.3 
5 18.8 4.7 13.0 
7 16.4 7.2 13.0 
7 18.4 7.9 14.2 
7 19.4 8.3 15.4 
7 19.3 4.8 12.7 
7 15.5 8.4 12.1 
6 14.1 3.4 9.4 
6 13.8 4.1 9.6 
7 17.5 4.3 10.6 
5 8.9 1.9 5.5 
6 5.5 2.9 4.3 
7 9.2 0.7 5.0 
7 6.8 3.1 5.1 
7 14.2 4.8 9.7 
6 14.4 10.0 12.1 
7 15.7 9.3 10.8 
5 15.4 7.0 11.0 
7 20.7 2.4 12.5 
5 13.0 7.6 10.1 
7 15.6 8% .0 11.9 
6 15.7 7.6 11.3 
7 24.1 3.2 12.0 
7 22 .0 8.2 15.2 
4 9.2 5.2 6.9 
7 16.8 2.2 11.3 
5 17.1 3.7 9.9 
6 24.6 3.9 12.1 
f 15.4 l 11.4 
6 13.2 4.5 9.2 
6 21.8 13.5 5.6 
6 23.0 4.6 11.5 
6 13.5 4.8 10.2 
6 18.4 2.9 10.2 
7 14.5 10.2 2.6 
7 15.9 4.6 12.9 
7 21.0 7.5 13.9 
6 16.9 4.9 11.1 
7 22 .2 4.2 12.6 
3 21.5 2.8 11.0 
5 16.6 2.5 9.4 
4 15.0 9.6 12.9 
7 16.7 3.3 
6 13.8 4.6 8.5 
7 13.6 1.5 9.5 
7 22.8 3.2 13.2 
7 26.4 10.8 18.5 
5 18.0 5.9 11.1 
6 17.6 4.6 10.7 
7 12.2 5.0 10.0 
6 21.3 11.3 14.6 
7 14.7 6.3 12.1 
6 12.9 5.8 10.1 
7 13.6 5.3 10.2 
6 18.1 4 14.2 
6 16.0 7.8 12.7 
7 10.0 2.1 5.6 
7 8.8 5.9 
7 19.6 1.5 10.7 
7 21.4 6.5 13.7 
7 21.3 6.6 12.7 
7 17.8 6.2 11.7 
7 17.6 3.8 11.5 
7 18.7 6.4 BL. 
7 16.0 5.3 10.1 
5 41.6 10.7 23.6 
6 24.6 10.8 17.0 
1202 49.3 0.4 11.6 
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TABLE 4.—FISSION PRODUCT BETA ACTIVITY IN PRECIPITATION—NASN, SECOND QUARTER 1963 


Alabama: 
California: 
Florida: 
Idaho: 
Illinois: 


Louisiana: 
Maine: 
Massachusetts: 
Michigan: 
Minnesota: 
Missouri: 
Montana: 
Nebraska: 


North Carolina: 


Ohio: 


Pennsylvania: 


South Carolina: 


Tennessee: 
Texas: 


Virginia: 
Washington: 


Station 


Montgomery 
Santa Maria 
Tampa 

Pocatello 
Chicago (Midway 
Chicago (O’Hare 
Lake Charles 
Caribou 
Nantucket 

Sault Ste. Marie 
St. Cloud 
Columbia 
Glasgow 

Grand Island 
Cape Hatteras 
Cincinnati (Airport 


Cincinnati (Gest St. 


Philadelphia 
Charleston 
Greenville 
Nashville 
Amarillo 
Brownsville 
San Angelo 
Sterling 
Tatoosh 


cipitation are collected at 29 stations, which are 
located at Weather Bureau offices or airports. 
They are then forwarded to the Network labora- 
tory for analysis. 

The laboratory analyzes these samples for total 
solids and for a large number of metals and non- 


October 1963 


‘ 


April May June 
pe/liter ne/m? pe /liter nt pe /liter r 
540 -. 10) } 
810 73 
630 2s 
1260 63 2100 0 
2380 265 
2600 301 2°00 RQ 
100 
1830 103 1440 64 
2500 103 990 108 2920 ll 
1500 93 9540 120 
5080 383 1840 199 9110 1 
1430 70 1430 168 7TR0 5 
1240 119 
1000 73 2230 133 
715 118 1180 120 670 93 
2580 109 1780 118 
2500 20: 
SOO 12% 
1220 84 180 6 
1170 165 2060 164 1290 154 
2060 116 2000 - 1270 7® 
1570 } 1060 ; 
970 70 230 14 
1040 2 770 } 
740 18 
1120 SY 60 24 


metals. In addition, each sample is analyzed for 
fission product gross beta radioactivity if a suffi- 
cient volume of precipitation remains after chemi- 
cal analyses have been made. Precipitation data 
for the second quarter 1963 are presented in table 


4. 
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CANADIAN AIR AND PRECIPITATION 
SURVEILLANCE 
June 1963 


Department of National Health and Welfare, 
Ottawa, Canada 


As part of its Radioactive Fallout Study Pro- 
gram (RFSP), the Radiation Protection Division 
of the Canadian Department of National Health 
and Welfare monitors air and _ precipitation. 
Twenty-four RFSP collection stations are located 
at airports (see figure 4) where the sampling equip- 
ment is operated by personnel from the Meteoro- 
logical Services Branch of the Department of 
Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpreta- 
tion of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 


Air 

Each air sample involves the collection of parti- 
culates from about 650 cubic meters of air drawn 
through a high-efficiency 4-inch-diameter filter 
during a 24-hour period. These filters are sent 
daily to the Radiation Protection Division Labora- 





tory in Ottawa. At the laboratory, a 2-inch- 
diameter disk is cut from each filter and counted 
with a thin-end-window, gas flow Geiger-Mueller 
counter system, calibrated with a Sr%-Y°*% stan- 
dard. Four successive measurements are made on 
each filter to permit correction for natural activi- 
ties and for the decay of short-lived fission prod- 


TABLE 5.—FISSION PRODUCT GROSS BETA 
ACTIVITY IN AIR—RFSP, JUNE 1963 


[Average concentrations in pc/m‘] 











Number 
Station ofsamples| Maximum; Minimum! Average 
0 eae 30 27.5 0.4 11.9 
Coral Harbour. .______- 25 12.6 0.4 | 3.8 
NN a cs doris 30 23.2 4.0 11.2 
ee: eee 29 | 12.0 0.1 4.6 
Sees 30 18.3 1.1 10.1 
SI } 30 24.4 | im 7.6 
Oy ES ee 30 18.7 | 0.1 7.2 
Se ee 29 | 18.7 0.2 6.8 
RS A EAS 30 | 11.9 0.3 4.6 
ES ERT PRSS 29 21.7 0.8 11.9 
Ee 30 | 21.8 | Le 9.2 
RR hi deics chins en taieoag asl iadei ds 26 | 20.3 | 2.5 13.8 
OE SESE ESS 30 19.0 | 0.7 | 10.1 
EES NOOSE 380 25.0 | 0.5 | 10.0 
ae teens | 28 | 6.7 | 0:7 2.9 
St. John’s, Nfid......... 30 | 11.1 0.3 4.9 
EERE: 30 | 28.1 0.8 10.8 
Sault Ste. Marie__._____-| 29 | 21.3 3.8 | 11.4 
, EES 30 | 19.4 0.8 11.5 
NN RIESE 30 | 17.4 1.0 5.0 
ee 30 15.7 0.5 §.1 
i EEE 27 20.4 1.8 12.4 
. —_« RS 30 19.4 1.3 11.0 
, EEE ae 28 15.0 0.2 6.7 
PN 45a terimcaenutceneabasaaa 28.1 0.1 8.5 
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FIGURE 4.—CANADIAN AIR AND PRECIPITATION SAMPLING STATIONS, 
JUNE 1963 
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TABLE 6.—FISSION PRODUCT GROSS BETA 
ACTIVITY IN PRECIPITATION—RFSP, JUNE 1963 


Total beta activity 


Station 
pe/liter ne/m? 
Calgary ‘ 4,050 592 
Coral Harbour 3,470 87.2 
Edmonton .. _- 6 500 357 
Ft. Churchill 6.000 193 
Ft. William 3,690 398 
Fredericton 2.950 137 
Goose Bay _. 2 080 336 
Halifax 2 960 140 
Inuvik 3.460 75.6 
Montreal 2 950 270 
Moosonee 4.300 938 
Ottawa-_ 6,520 190 
Quebec. 5,590 240 
memes. ....... 2,440 283 
Resolute 1,370 101 
St. John’s, Nfid 2,590 223 
Saskatoon 3.680 343 
Sault Ste. Marie 5.110 265 
Toronto 4.340 82.5 
Vancouver 2.050 87.2 
Whitehorse 3,240 106 
Windsor 2,380 295 
Winnipeg 3,490 304 
Yellowknife - 5.250 148 
Average ‘ 3.770 229 


ucts. The results are extrapolated to the end of 
the sampling period. Canadian air data for June 
1963 are given in table 5 and presented in conjunc- 
tion with U.S. adjusted air data by the isogram 
map (figure 6). 


PAN AMERICAN SAMPLING PROGRAM 
June 1963 


Pan American Health Organization and 
Public Health Service 


Gross beta activity in air is being monitored at 
three locations in South America under the 
auspices of a collaborative radiological health 
program between the Pan American Health 
Organization (PAHO) and the Public Health 
Service (PHS). 

The three air sampling stations presently in- 
cluded in the program are located in Santiago, 
Chile; Lima, Peru; and Caracas, Venezuela. The 
Caracas station was activated in November 1962 
and the other two stations entered in December of 
the same year. 

The air sampling stations are manned by local 
personnel, and the sampling equipment and labora- 
tory analyses are provided by the Public Health 
Service. Equipment and counting procedures are 


October 1963 


Precipitation 


The amount of radioactive fallout deposited on 
the ground is determined from measurements on 
material collected in special polythene-lined rain- 
fall pots. After transfer of the water to the sampl- 
ing container the polythene liner is removed, 
packed with the sample, and sent to the laboratory. 
Beta activities in precipitation for stations in 
Canada are presented in table 6. Radiochemical 
analyses of these samples are given on page 498 
under the subsection on fallout. 


REFERENCES 

1) Bird, P. M., A. H. Booth, and P. G. Mar: Annual 
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2) Bird, P. M., A. H. Booth, and P. G. Mar: Annual 
Report for 1960 on the Radioactive Fallout Study Program, 
CNHW-RP-4, Department of National Health and 
Welfare, Ottawa, Canada (December 1961). 

3) Mar, P. G.: Annual Report for 1961 on the Radioactive 
Fallout Study Program, CNHW-RP-5, Department of 
National Health and Welfare, Ottawa, Canada (December 
1962). 

(4 Beale, J. and J. Gordon: The Operation of the Radiation 
Protection Division Air Monitoring Program, RPD-11, 
Department of National Health and Welfare, Ottawa, 
Canada (July 1962). 

5) Booth, A. H.: The Calculation of Maximum Permissible 
Levels of Fallout in Air and Water and Their Use in 
Assessing the Significance of 1961 Levels in Canada, RPD 
21, Department of National Health and Welfare, Ottawa, 
Canada (August 1962). 


identical with those employed for the Radiation 
Surveillance Network. 

Fission product gross beta activity for June 1963 
are presented in table 7. Monitoring results for 
November 1962-June 1963 are summarized in 
figure 5. 

The higher monthly average values noted for 
Caracas, in comparison with values for correspond- 
ing months for Lima and Santiago, are consistent 
with the Northern Hemisphere location of the 
Caracas station. 


TARLE 7—GROSS BETA ACTIVITY IN AIR—PASP, 
JUNE 1963 
[Concentrations in pe/m!) 
No. of 
Sampling stations samples Maximum Minimum $§ Average 
Caracas, Venezuela 20 2.4 <0.10 0.72 
Lima, Peru? 0 
Santiago, Chile 3 0.16 <0.10 <0.12 


The monthly average is calculated by weighting the individual samples 
with the length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the <0.10 values represent more than 10° of 
the average, a less-than sign ( <) is placed in front of the average 

The Lima, Peru station was not in operation during the months of May 
and June because of mechanical difficulties 
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Fission Product Gamma Activity in Airborne Particulates 


THE 80TH MERIDIAN NETWORK | 
May 1963 


Health and Safety Laboratory 
Atomic Energy Commission ' 


Surface air filter samples collected at the 80th TARLE 1.—ACTIVITY OF SURFACE AIR—-80TH 
° ye a d ‘ MERIDAN NETWORK, MAY 1963 
Meridian Network stations (see figure 1) since 
January 1, 1963 have been assayed for gross fission Gamma act 


“ge Sampling (photons/min/m°‘ Esti- i 
product activity by means of gamma rather than er period Gamma ph mated 
Sampling dates ton ratio tota 
beta measurements. This method was discussed station eet oa, | ene | St leaees 
in detail in an earlier report (7). It was shown month ae pe/m! 


that for a sample of neutron-irradiated U*", rep- 























. . , Thuk 1-8 10.1 0.024 6.8 i} 
resenting unfractionated fission products, the 8-15 | 6.52 0.022 14 
: 15-22 4.40 ).024 3.0 
ratio of hard gamma photons (over 1 Mev) to 22-6/1 5.39 | 6.6 0024 3 | 
total gamma photons ratio was nearly constant at Moosones 1-8 10.5 ).023 1 | 
8-15 8.04 0.024 { : 
0.011 when the sample had aged more than four 15-22 | 4.91 2 3.3 
> — 22-6/1 9.61 8.2 ).024 6.5 
months. Younger fission products showed a | 
, , ran ‘ ‘ New York 1-8 10.7 0.023 73 
higher ratio. The method for estimating the gross 8-15 | 7.98 021 5 4 
— ° 15-22 R22 ).023 5.5 { 
beta activity was also discussed. 22-6/1 | 4.80 7.93 ) 022 3.2 . 
. . . | 
At each station about 1400 cubic meters of air Washington 1-8 10.9 ) 022 7.4 
; P R-15 8.01 0.022 5.4 | 
per day are drawn through 8-inch diameter 15-22 | 7.92 ) 023 54 
22-6/1 |12.7 9.88 ).023 Bf 
Miami 1-8 10.9 1 7.4 
8-15 12.4 0.024 8.4 
an —— 15-22 (10.6 2 7.2 
ae -. at? be 22-6/1 5.44 9.84 ).022 3.7 
Te Of, = — ‘qi 3 Mauna Loa 1-8 4.05 023 2 
ys “TD,  « 8-1! 4.11 023 2.8 
# Soy “Dy “_S. 15-22 2.71 034 1.8 
*s pS. af eS a 22-6/1 4 3.81 0.027 3 ¢ 
* FO 600 } SK <<-9 5 ‘ ~ , 
( sO = aa San Juan 1-8 2.79 2 1.9 
, oO A, 8-15 2.47 24 1.7 ' 
/ é al FS 15-22 2.73 ).( 1.8 . 
— Sy NE\ 22-6/1 4.39 3.10 ) Ore 3; 0 | 
r~400_, EW YORK \ j 
WASHINGTON *® Miraflores 1-8 3.61 0.029 2.4 ; 
” 8-15 1.71 24 1.2 } 
i. 15-22 0.636 } 0.43 
*. HAWAII y (trea 22-6/1 0.728 1 4 0.49 
, Sree S. } MIAMI 
t— 20° - 1 .. — n ay Guayaquil 1-8 0.227 ) O15 0.15 
NOXSAN JUAN 8-15 0.161 02 0.11 
oe nq 15-22 0.0929 12 0.06 : 
hameitensinn he. Le imine. 22-6/1 0.0689 0.137 ).012 0.05 
- STMA ISLANO MIRAFLORES i —_ 
- - ee 1 os | ) Lima 1-8 0.0881 0.020 0.06 
Guavaquit® sgl 8-15 0.181 ).047 0.12 
15-22 0.0771 033 0.0 
h 22-6/1 0.0451 ). 0978 0.012 0.03 
LIMA 
CHACALTAYA Chacaltaya 1-8 0.0904 0.034 0.06 ; 
— 20° — - t j R15 0.0611 0.033 0.04 
ANTOFAGASTA 15-22 0.127 0.059 0.09 ) 
f ia 22-6/1 0.156 0.109 ).030 0.10 
{ : 
ANTIAGO™ - Antofagasta 1-8 0.159 0.026 0.11 
Pr) - i ( ) R-15 0.131 0 O67 0.09 
a PUERTO MONTE SF 15-22 | 0.0737 0.036 0.05 
- ial 292-6/1 0.0890 113 0.045 0.06 
(f° 
PUNTA ARENAS Santiago 1-8 0.0670 0.012 0.04 | 
a 8-15 0.102 0.049 0.07 | 
Yi f ined 15-22 0.0941 0.033 0.06 
4 \UwP 100° @&o > _ 22-6/1 0.0775 0.0851 0.042 0 O05 : 
‘ we S00 - + 
x wt A Wo . Puerto Montt 1-8 0.0493 0.053 0.03 { 
€ ¢e ce, » 8-15 0.0391 0.019 0.03 
See cg = 4 “o 15-22 0.0670 0.012 0.04 
a ~ ~f _ = 22-6/1 0.0560 0.0529 0.033 0.04 : 
oo Punta Arenas 1-8 0.0441 0.043 0.03 | 
R—15 0.03845 0.018 0.02 
15-22 0.0616 0.051 0.04 


FIGURE 1.—-80TH MERIDIAN NETWORK SAMPLING 22-6/1 | 0.0348 0.0438 0.032 002 
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polystyrene (Microsorban) filters. Filters are 
changed on the Ist, 8th, 15th, and 22nd of each 
month and forwarded to the Health and Safety 
Laboratory, New York City, for analysis. A more 
complete description of the sampling equipment 
was presented in the previous issue of RHD (2). 

The 80th Meridian Network data for May 1963 
is presented in table 1. Both the weekly and 
monthly total gamma averages are given as an 
indicator of fission products. The beta activity 
has been estimated by a method described earlier 
(1) for the purpose of comparison with 80th 
Meridian Network data prior to January 1, 1963 
(3). 

A comparison of the May and the first quarter 
1963 average total gamma activity profiles in 
figure 2 indicates a relatively greater decline in 
the Southern Hemisphere than in the Northern. 
This might be attributable to a general decline 
which is somewhat canceled in the north by the 
usual spring rise (injection of accumulated fission 
products from the stratosphere). 

It may be observed in table 1 that the gamma 
ratios (gamma over 1 Mev: total gamma) are in 
general higher than the 0.011 which would be ex- 
pected for fission products more than 4 months old. 
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PROFILE OF SURFACE AIR GAMMA ACTIVITY, FIRST QUARTER AND MAY, 1963 


The Northern Hemisphere had an average ratio of 
0.024 with a standard deviation of about 0.003. 
The Southern Hemisphere had an average gamma 
ratio of 0.032; S.D., 0.015. It has been pointed 
out by Collins that significant concentrations of 
antimony~—124 have been detected along the 80th 
Meridian (2). Antimony-124 is not a fission prod- 
uct but is formed by neutron activation. It has a 
half life of 60 days and emits gamma photons with 
energies greater than 1 Mev. It therefore seems 
plausible that antimony-124 and possibly other 
activation products have increased the values of 
the gamma ratios. 
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Monthly Deposition of Various Radionuclides 


For the purpose of this section, fallout isdefined 
as the deposition of radioactive materials on the 
earth’s surface. 

Total fallout is generally considered to be com- 
posed of two fractions: that deposited by the 
settling of particulates, often termed dry fallout, 
and that contained in precipitation, sometimes 
called wet fallout or rainout. Normally, fallout is 
expressed in terms of the activity of selected radio- 
nuclides deposited on a unit surface during a given 
period of time. 


FALLOUT IN THE UNITED STATES 
AND OTHER AREAS! 
July-December 1962 


Health and Safety Laboratory 
Atomic Energy Commission 


Monthly fallout deposition rates are determined 
by the Health and Safety Laboratory (HASL) for 
40 sites in the United States and 93 locations in 
other countries. HASL data from 37 of the U.S. 
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FIGURE 1. 


' The data in this article were extracted from Fallout Program Quarterly Summary Report, HASL 
Services, U.S. Department of Commerce, Washington 25, D.C. 
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135:2-144 Office of Technical 
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TABLE 1. 


Sampling location and type of collection 


Ala: 
Alaska 


Minn: 
Mo: 
Mont 
N.J: 


N.Y 


Utah 
Wash 


Wis: 
Greenland 
Iceland: 


Newfoundland 


Bermuda 
Puerto Rico 
Mexico: 


Costa Rica: 


Panama Canal Zon 


* Dash indicat¢ 


s sample 


MONTHLY STRONTIUM-90 FALLOUT 


Deposition in ne/m?] 


Birmingham 
Anchorage 
Barrow 
Cold Bay 
Fairbanks 
Juneau 
Nome 


W. Los Angeles 
tichmond 
Richmond 

San Francisco 
Denver 

Coral Gables 


Hilo 

Mauna Loa 
Oahu 
Lemont 
Louisville 
New Orleans 


International Falls 


Columbia 
Helena 

We st wood 
We st wood 


New York 
Williston 
Tulsa 


Medford 
Pittsburgh 
Pittsburgh 
Columbia 


Vermillion 
Dallas 

El Paso 
Houston 
Houston 
Sterling 


Salt Lake City 


Seatth 
Tatoosh I. 
Green Bay 
Thule 


Ke flavik 


Goose A. B 

E. Harmon AB 
Kindley AFB 
San Juan 
Mexico City 


Turrialba 


> Two month sample 


TABLE 2. 


Location 


California, Richm« 


RADIOCHEMICAL ANALYSES OF 
and analyses 


mynd 


Precipitation (mn 


Sr*’/Sr’? ratio 
Zr™ (ne/m?) 
Cs ne m 
Ba ne/n 


New Jerse 
Precipitation 


Sr**/Sr”? ratio 
Zr nen 
Cs neon 
Ba" (ne/n 


y, Westwood 


mm 


Pennsylvania, Pittsburgh 


Precipitation (mm 

Sr**/Sr* ratio 

Zr® (ne/m 

Cs!*7 (ne/m 

Ba ne/m 
Texas, Houston 

Precipitation (mm) 


Sr**/Sr? 


ratio 
Zr nec, m-) 
Cs!" (ne/m 
Ba"? (ne/m 


‘ Dash indicates samplk 


Two month sample. 


or analysis not rece 


) 


ived. 


July 


0.525 


July 


Aug 


not analyzed for nuclide indicated. 


Aug. 


POT 


FALLOUT S: 


HASL, JULY 


Oct. 


Oct Nov. Dec. 
lost 1.13 0.46 
0.20 0.12 0.21 
0.00 ).00 
0.17 0.23 0.11 
0.07 0.25 0.04 
0.94 0.72 0.71 
0.10 0.04 0.08 
0.41 0.12 0.39 
0.38 0.24 0.39 
0.20 0.0 0.21 
0.15 0.10 0.04 
0.51 0.15 0.1 

1.07 0.32 
0.00 0.02 
0.18 0.09 0.50 
0.40 0.12 0.09 
0.66 1.07 0.46 
0.12 0.07 0.44 
0.07 0.18 
0.05 0.28 0.30 
0.22 0.11 0.08 
1.20 0.96 1.14 
1.15 0.48 1.50 
0.39 0.34 0.4 
0.29 0.27 0.07 
0.40 0.90 
0.33 0.45 0.34 
0.53 0.62 0.73 
0.44 0.49 0 60 
0.02 0.07 0.32 
0.36 0.03 lost 
lost 0.63 0.69 
0.03 0.17 0.12 
1 25 0.48 0.40 
0.45 0.95 0.72 
0.26 0.60 0.36 
0.57 0.35 0.08 
0.29 (). Re 0.74 
lost 2.47 0.02 
0.50 0.23 0.09 
0.09 0.03 0.02? 
0.59 0 4 0.72 
0.21 0.19 
0.04 0.72 0.27 
0.49 0.81 1.07 
0.12 0.14 ). 36 
0 _O8 0.03 0.03 
0.05 0.10 0.17 
0.11 0.18 0.22 
AMPLES, 1962 
Nov. Dec. 
9 22.9 R38 
49 37 
0 15.6 28.1 
618 0.217 0.703 
4 117.1 72.4 
3 29 
5 7.1 44.8 
R3 13 lost 
6 35.3 59.4 
43 32 
0 35.0 30.8 
R34 0.950 1.11 
4 144.3 120.1 
79 30 
4 42.1 52.1 
1.73 1.27 
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stations and 8 other selected points in the Western 
Hemisphere (see figure 1) covering the period from 
July 1962 through December 1962 are summarized 
in tables 1 and 2. 


Methods of Collection 


Two methods of fallout collection are employed 
by HASL. In the first, precipitation and dry fall- 
out for a period of one month are collected in 
stainless steel pots with exposed areas of 0.076m?. 
At the end of the collection period, the contents are 
transferred, by careful scrubbing with a rubber 
spatula, to a polyethylene sample bottle which is 
then shipped to the laboratory for analysis. 

The second method involves the use of a poly- 
ethylene funnel, with exposed area of 0.072m2?, 
attached to an ion exchange column. After a one- 
month collection, the inside of the funnel is wiped 
with a tissue, and the tissue is inserted in the end of 
the column, which is then sealed and sent to HASL 
for analysis. It has been shown that at the 95 
percent confidence level there was no significant 
difference in the strontium-—90 measurements 
obtained from samples collected by the two 
methods (1). 


October 1963 


Strontium—90 


All of the HASL fallout samples 
column-—-were assayed for strontium-—90 and the 
ratio of strontium-89 to strontium—90. The 
strontium—90 data are given in table 1 for the 45 
selected stations. 


both pot and 


Where duplicate samples were 
collected, the average values are given. 


Other Radionuclides 


Richmond, ( ‘alifornia; West- 


) 


Laboratories at 
wood, New Jersey; Pittsburgh, Pennsylvania; and 
Houston, Texas, have analyzed duplicate monthly 
collections for various radionuclides. The monthly 
deposition rates for Zr”, Cs’, and Ba!*®, 
the Sr**/Sr*® ratio and precipitation depth, are 
presented in table 2. 
these stations are included in table 1. 


as well as 


The strontium—90 values for 


REFERENCE 


1) Ong, L. D. Y.: Homogeneity Between Pot and Ion 
Exchange Column Strontium—-90 Measurements, Fallout 
Program Quarterly Summary Re Dp , HASL—-135:256 69, 
Office of Technica! Services, Department of Commerce, 
Washington 25, D.C. (April 1, 1963), price $4.00. 
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FALLOUT MEASUREMENTS IN CANADA 
May and June 1963 


Depariment of National Health and Welfare 





are collected in deep pots lined with polyethylene. 
The radiochemical analyses of these precipitation 


or fallout samples for May and June 1963 are given 


Ottawa, Canada 


The monthly accumulated precipitation samples 
collected in conjunction with the Canadian air 
sampling network described earlier in this issue 
represent total fallout 


TABLE 3. 


in table 3. 
Radiochemical analyses of fallout samples for 


five stations for the 


wet and dry), since they 


ANALYSIS OF FALLOUT FOR SPECIFIC RADIOACTIVE ISOTOPES" 


[nc /m? 
Deposition during May' 
Station 
Sr*? Sr? Cs!*7 Zr® 

Calgary 3.89 0.97 1.70 11.30 
Coral Harbour 
Edmonton 7.93 2.41 4.63 
Ft. Churchill 
Ft. William 2 05 4.04 7.71 
Fredericton 9.89 i i 
Goose Bay 7.49 1.72 2.74 
Halifax 15.70 4.34 7.79 54.40 
Inuvik 2.70 0.64 1.15 
Montreal 13.80 2.68 4.41 29.10 
M oosonet 13.60 3.40 6.69 
Ottawa 4.96 1.95 3.89 
Quebec 10.69 2.91 
Re gina 
Resolute 5 Re 1.65 
St. John’s, Nfid 15.90 2.32 5.17 
Saskatoon 9.88 1.95 2.70 
Sault Ste. Marie 9.80 3.24 
Toronto 11.18 2.37 4.53 
Vancouver 2.12 0.36 0.77 6.40 
W hite horse 
Windsor 8 .2¢ 2.38 4.59 
Winnipeg 21.90 4.15 7.40 48.10 
Yellowknife 2.64 0.37 0.23 


All values corrected for decay back to end of collection month. 


Values for Sr®”, Cs 


Dash indicates no analysis. 
! No sample. 
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0.16 


0.12 


and Zr® do not include the activities of their daughter isotopes, Y%, 


Ba!" 


10.10 


and Nb’ 


months of October 1962 


through April 1963 were included with the tables 
of gross beta in precipitation in the February 
through August 1963 issues of Radiological Health 
Data. 


RFSP, MAY AND JUNE 1963 


Deposition during Junet 


Sr* 


81 


94 15.00 0.07 


32.40 0.12 
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SECTION IL.—MILK AND FOOD 


Milk Surveillance 


Although milk is only one of the many sources of 
dietary intake of radionuclides, it is the single food 
item most often used as an indicator of the popula- 
tion’s intake of radionuclides from the environ- 
ment. This is because fresh milk is consumed by a 
large segment of the U.S. population and contains 
most of the radionuclides occurring in the environ- 
ment which have been identified as being biologi- 
‘ally important. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
handle, is easily analyzed, and samples which are 
representative of milk consumption in any area 
‘an be readily obtained. 


PASTEURIZED MILK NETWORK 
June 196: 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


Milk surveillance for radionuclide content, as 
currently conducted by the Public Health Service, 
developed from a limited raw milk surveillance 
program established in 1957. Among the primary 
objectives of the original investigation was the 
development of methods for the collection and 
analysis of milk that would be suitable for pro- 
grams of broader scope. 

Experience derived from this earlier network 
ied to the activation of a pasteurized milk sampl- 
ing network in July 1960. Forty-six stations were 
initially selected to provide nationwide surveillance 
of milk production and consumption areas. 


October 1963 


As further needs developed, more milk sampling 
points were added through July 1962, when the 
total number of stations reached was 62. Through 
the cooperation of State and local milk sanitation 
authorities, samples are routinely collected at each 
of these stations. Composites of the samples are 
preserved with formaldehyde and are sent to the 
PHS Southwestern, Southeastern, or Northeastern 
Radiological Health laboratories for analysis. 
Approximately 3-6 days after sample collection, 
any results from the gamma analyses which in- 
dicate concentrations of iodine-131 greater than 
100 pe liter are made available to States for pos- 
sible public health action. Complete analytical 
results are available 6 to 7 weeks after sample 
collection; publication in Radiological Health Data 
follows 3 to 4 months after sample collection. 


Sampling and Compositing Procedures 


The method of compositing specifies that each 
station’s sample be composited of subsamples 
from each milk processing plant in proportion to 
the plant’s sales in the community served. At 
most stations, the composited sample represents 
from 80 to 100 percent of the milk processed. 
Prior to September 15, 1961, the composite sample 
was taken from one day’s sales per month and was 
as representative of the community’s supply as 
could be achieved under practical conditions. 
seginning with the resumption of nuclear weapons 
testing in the atmosphere in September 1961, and 
continuing through January 1963, sampling was 
done twice a week at nearly all stations and daily 
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TABLE 1. 





RADIOACTIVITY IN PASTEURIZED MILK, JUNE 1963 


[Average radioactivity concentrations in pc/liter] 


Calcium (g/liter) Strontium-89 


Sampling locations 


Second Avg. for Second Avg. for 


quarter month quarter month 


Ala: Montgomery ey 1.20 100 75 
Alaska: Palmer 1.17 1.14 35 65 
Ariz: Phoenix 1.16 1.13 20 10 
Ark: Little Rock 1.19 1.16 200 180 
Calif: Sacramento . 23 1.18 115 70 

San Francisco 1.22 1.20 175 80 
Colo: Denver 1.23 35 70 
Conn: Hartford 1.09 1.10 30 60 
Del: Wilmington 1.07 1.14 65 95 
D.C: Washington 1.16 1.13 90 100 
Fla: Tampa 1.18 1.17 40 35 
Ga: Atlanta 1.21 1.19 145 120 
Hawaii: Honolulu 1.15 1.13 60 45 
Idaho: Idaho Falls 1.20 1.17 RO 170 
Ill: ( hicago 1.06 1.08 30 60 
Ind: Indianapolis 1.10 1.14 55 60 
lowa: Des Moines 1.19 1.15 145 180 
Kans Wichita 1.19 1.14 90 175 
Ky Louisville 1.18 1.16 180 220 
La: New Orleans 1.23 1.19 175 140 
Maine Portland 1.07 1.11 30 60 
Md: Balt imore 1.15 1.15 105 145 
Mass Boston 1.10 1.15 35 70 
Mich Detroit 1.08 Be . 25 45 

Grand Rapids 1.11 By 25 40 
Minn: Minneapolis 1.20 1.20 80 180 
Miss: Jackson 1.25 1.20 180 120 
Mo: Kansas City 1.21 1.16 155 240 

St. Louis 1.19 1.18 110 160 
Mont: Helena 1.19 1.14 70 120 
Nebr: Omaha 1.21 1.24 100 155 
Nev: Las Vegas 1.15 1.15 25 30 
N.H: Manchester 1.12 1.18 40 75 
N.J: Trenton 1.09 1.15 40 69 
N. Mex: Albuquerque 1.16 1.13 40 55 
N.Y: Buffalo 1.06 1.10 30 65 

New York 1.09 1.09 40 R5 

Syracuse 1.08 1.12 35 75 
N.C: Charlotte 1.25 1.19 135 155 
N. Dak: Minot 1.13 1.08 180 320 
Ohio Cincinnat 1.09 1.16 75 85 

Cleveland 1.13 1.19 49 70 
Okla: Oklahoma Cit) Rune 1.14 130 135 
Ore Portland 1.24 1.22 150 165 
Pa: Philadelphia 1.08 1.13 55 75 

Pittsburgh 1.10 1.17 55 105 
P.R: San Juan 1.16 1.14 105 70 
R. I Providence 1.08 1.13 45 70 
Ss. Cs Charleston 1.21 1.16 100 90 
S. Dak: Rapid City 0.92 0.91 105 190 
Tenn: Chattanooga |. 1.21 195 180 

Memphis 1.22 1.20 160 155 
Tex Austin 1.14 S.an 50 40 

Dallas 1.16 1.15 120 95 
Utah Salt Lake City 1.22 1.18 45 90 
Vt: Burlington 1.09 :. 30 55 
Va: Norfolk 1.17 1.16 95 100 
Wash: Seat tle 1.19 1.16 125 115 

Spokane 1.26 3.Ze 105 130 
W. Va: Charleston one 1.14 145 160 
Wis: Milwaukee 1.10 1.15 30 50 
Wyo: Laramie 1.20 1.17 70 115 
Network average 1.16 1.15 87 106 


for short periods at selected stations. Since then, 
the sampling frequency has been reduced to once 
a week. After gamma scanning, samples for two 
weeks are composited and analyzed for strontium 
89, strontium—90 and calcium. 

All surveillance data are subject to continuing 
review and evaluation to observe unusual patterns 
or concentrations which may require immediate 
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Strontium-90 Cesium-137 Barium-140 


Iodine-131 


Second Avg. for Second Avg. for Second Avg. for Second Avg. for 
quarter month § quarter month quarter month quarter month 


23 22 <10 <10 80 R5 10 <10 
15 22 <10 <10 55 70 <10 <10 
5 5 <10 <10 15 10 <10 <10 
51 52 <10 <10 195 225 20 <10 
19 11 <10 <10 90 100 <10 <10 
27 19 <10 <10 110 90 <10 <10 
14 22 <10 <10 70 105 <10 <10 
22 86 <10 <10 120 190 <10 <10 
28 41 <10 <10 130 195 <10 <10 
24 27 <11 <10 120 160 <10 <10 
13 12 <10 <10 200 215 10 <10 
33 32 <10 <10 155 55 10 <10 
10 10 <10 <10 65 R5 <10 <10 
22 39 <10 <10 110 165 <10 <10 
21 29 <10 <10 95 135 <10 <10 
29 33 <10 <10 100 125 <10 <10 
31 33 <10 <10 95 120 <10 <10 
21 30 <10 <10 R5 145 <10 <10 
37 46 <10 <10 125 190 10 <10 
45 42 10 <10 70 170 20 <10 
25 34 <10 <10 120 140 <10 <10 
24 30 <10 <10 140 215 10 <10 
28 43 <10 <10 150 235 <10 <10 
20 28 <10 <10 R5 115 <10 <10 
19 30 <10 <10 90 115 <10 <10 
28 45 <10 <10 130 190 <10 <10 
38 32 <10 <10 120 110 20 <10 
32 39 <10 <10 100 145 <10 <10 
27 38 <10 <10 95 130 <10 <10 
21 29 <10 <10 105 135 <10 <10 
27 35 <10 <10 90 120 <11 <10 
7 7 <10 <10 50 60 <10 <10 
28 43 <10 <10 170 270 <10 <10 
26 33 <10 <10 110 170 <10 <10 
10 13 <10 <10 35 50 <10 <10 
22 32 <10 <10 105 150 <10 <10 
24 38 <10 <10 110 185 <10 <10 
24 37 <10 <10 105 170 <10 <10 
34 41 <10 <10 130 190 10 <10 
48 62 <10 <10 115 175 <10 <10 
31 39 <10 <10 90 120 <10 <10 
24 33 <10 <10 100 155 <10 <10 
28 31 <10 <10 120 155 10 <10 
38 36 <10 <10 160 190 <10 <10 
29 39 <10 <10 130 185 <10 <10 
27 45 <10 <10 125 200 <10 <10 
18 14 <10 <10 125 130 10 <10 
27 38 <10 <10 125 180 <10 <10 
29 28 <10 <10 120 150 10 <10 
34 59 <10 <10 125 225 <10 <10 
40 44 <10 <10 160 210 10 <10 
38 39 <10 <10 110 150 10 <10 
10 10 <10 <10 50 65 <10 <10 
25 23 <10 <10 100 115 10 <10 
20 28 <10 10 110 160 <10 <10 
24 34 <10 <10 110 145 <10 <10 
25 27 <10 <10 120 145 10 <10 
26 26 <10 <10 150 165 <10 <10 
27 30 <10 <10 125 140 <10 <10 
37 43 <10 <10 115 155 10 <10 
20 27 <10 <10 90 125 <10 <10 
24 37 <10 <10 120 150 <10 <10 
25.9 32.0 <10 <10 112 149 <10 <10 
attention. Sampling frequency and schedules of 


analyses are adjusted to meet changing conditions. 


Analytical Errors in Radionuclide Measurements 


lodine-131, cesium-—137, and barium-—140 con- 
centrations are determined by gamma scintillation 
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FIGURE 1.—STRONTIUM-89 CONCENTRATIONS IN PASTEURIZED 
MILK, JUNE 1963 
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" 4 
Stations Not Shown 
Polmer, Aleske 
Honolulu, Howeii 
Sen Juon, Puerto Rico 
e@ Sampling Stations ; 
FIGURE 2.—STRONTIUM-90 CONCENTRATIONS IN PASTEURIZED / 
MILK, JUNE 1963 ) 
spectroscopy,' while strontium-89 and strontium counting rate and counting time, interferences | 
90 concentrations are determined by radiochemical from other radionuclides, and the background / 
procedures. There isan inherent statistical varia- count. For milk samples, counting times of 50 
tion associated with all measurements of radio- minutes for gamma spectroscopy and 30 to 50 | 
nuclide concentrations. With the low radio- minutes for low background beta determinations | 
nuclide levels which are usually found in milk and are used. The minimum detectable concentration | 
other environmental samples, this variation is is defined as that concentration at which the 
relatively high. The variation is dependent upon statistical two-standard-deviation analytical error | 
the method of chemical analysis, the sample is 100 percent of the measured concentration (/ 
— Accordingly the minimum detectable concentra- . 


' i alae tions in units of pe liter are Sr**, 5; Sr*°, 1; ['', 10: 
|! Southeastern Radiological Health Laboratory employs SGT es . bo 
a radiochemical procedure for barium-140 analysis. Cs'7, 5; and Ba’, 10. 
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TABLE 2. 


DISTRIBUTION OF SAMPLING STATIONS IN VARIOUS RANGES OF RADIONUCLIDE 


CONCENTRATIONS IN MILK, JUNE 1963 


Strontium-&89 Strontium-90 Iodine 
Range Number of Range Number of Rang 
pe/liter stations pe/liter stations pe /liter 
<5-20 1 <1-9 2 <10 
25-45 6 10-19 7 
50-70 16 20-29 13 
75-95 11 30-39 27 
100-120 ~ 40-49 10 
125-145 4 50-59 2 
150-170 7 60-69 l 
175-195 6 
> 195 3 


Data Presentation 


Table 1 presents summaries of the analyses for 
June 1963 (May 26-June 29, 1963). Whena radio- 
nuclide is reported by a laboratory as being below 
the minimum detectable concentration, one-half 
of this value is used in calculating the monthly 
average. A similar procedure is used for the net- 
work average. 

Although no data are presented on the stable 
potassium concentrations in milk, analysis has 
indicated that the usual range of concentrations is 
from 1.2 to 1.8 grams liter. In June, for example, 
1, 14, 14, 15, and 18 stations reported their re- 
spective monthly average potassium concentra- 
tions as 1.2, 1.3, 1.4, 1.5, and 1.6 grams liter. 

Figures 1 and 2 are isoconcentration maps 
showing the estimated radionuclide concentra- 
tions in milk over the entire country. The value 
printed beside each station is the monthly average 
concentration for that station. Table 2 shows the 
distribution of the network’s stations according to 


INDIANA MILK NETWORK 
June 1963 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radiological analysis 
in September 1961. Indiana was geographically 
divided into five major milksheds, and one large 
dairy within each milkshed was selected as a 
sampling station (see figure 4): 

The milk samples are routinely analyzed for 
iodine-131, cesium—137, barium-—140, strontium 
89, and strontium-90. Analyses for the gamma 
emitters iodine-131, cesium—137, and barium—140 
are conducted on a weekly basis except when 


October 1963 


131 Cesium-—137 


Number of Range 


Barium-—140 


Number of Range 


stations pe liter 


Number of 


stations pe ‘liter stations 


62 <5-45 1 <10 62 
50-95 7 
100-145 21 
150-195 5 
200-245 j 
250-295 l 


radionuclide concentrations in milk, 
monthly average data shown in table 1. 


using the 


Selected Monthly Strontium—90 Profiles 


Continuing the practice followed in previous 
issues of RHD, the average monthly strontium—90 
concentrations in pasteurized milk from 15 selected 
cities in the sampling program are presented (see 
figure 3). Each individual graph shows the 
strontium—90 concentrations in milk from one city 
in each of the four U.S. Bureau of Census regions. 
This method of selection permits the graphical 
presentation of data for each city in the network 
at least twice a year. 


REFERENCE 


1) Division of Radiological Health, Public Health Service 

Pasteurized Milk Network, February 1963, Radiologica! 
Health Data, 4:291-6, Superintendent of Documents, Gov 
ernment Printing Office, Washington 25, D.C. (June 1963 


iodine-131 results exceed 100 pc /liter, at which 
time the frequency of sampling is increased. 
Strontium-—89 and strontium—90 analyses are per- 
formed monthly on samples which are composited 
from weekly aliquots. 

An ion exchange analytical procedure (1) is used 
for strontium-—89 and strontium—90 analyses. A 
512-channel pulse height analyzer and shielded 
4 x 4-inch sodium iodide crystal are used for the 
gamma analysis of iodine-131, cesium-—187, and 
barium-—140. 

The monthly averages of the data obtained for 
the individual sampling stations and the State 
averages are reported in table 3. The State 
average is an arithmetic 
values. 


average of the station 
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FIGURE 4..-INDIANA MILK SAMPLING 


LOCATIONS 


NEW YORK NETWORK 
May 1963 


Division of Environmental Health Services 
State of New York Department of Health 


Milk samples, collected routinely from six cities 

Albany, Buffalo, Massena, Newburgh, New 
York City, and Syracuse (figure 5), are analyzed 
for radionuclide content by the State of New York 
Department of Health. Pasteurized milk samples 
are collected daily and composited weekly for the 
determination of strontium-—89, strontium—90, 
iodine-131 and cesium—137 at all stations except 
Massena, where samples are composited bi-weekly 
and at New York City where one daily milk sample 
representing the total milk supply for that day 
is obtained and analyzed once per week. Samples 
are obtained from processing plants except at 
Albany, where the daily sample is obtained from a 
marketing point. During periods when cows are 
no longer on stored feed, the sample from Albany 
is analyzed for iodine—131 daily. In the event that 
any city reports iodine-131 concentrations ex- 
ceeding 100 pc/liter, increased surveillance is 
undertaken. 

A matrix method (1) is used for the analysis of 
spectral data to determine the concentrations of 
gamma-emitting nuclides in milk. With this 
method, the individual nuclide contributions to the 
gamma spectrum are separated by solution of 
simultaneous equations describing the spectral 
interferences. 
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TARLE 3.—RADIONUCLIDES IN INDIANA MILK, 
JUNE 1963 


[Concentrations in pe/liter] 


Sampling Strontium Strontium Iodine Cesium Barium 
location 89 90 131 137 140 
Northeast <10 49 <10 145 <10 
Southeast <10 61 <10 180 <10 
Central 20 48 <10 120 <10 
Southwest 20 89 <10 110 <10 
Northwest 35 60 <10 155 <10 
State average 15 54 <10 140 <10 


REFERENCE 


1) Porter, C., D. Cahill, R. Schneider, P. Robbins, W. 
Perry, and B. Kahn: Determination of Strontium—90 in 
Milk by an Ion Exchange Method, Analytical Chemistry 
33:1306—-8 (September 1961). 


The analytical procedure for strontium—89 and 
strontium—90 is based on ion exchange methods. 
Cations (including radiostrontium) are eluted from 
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FIGURE 5. -NEW YORK MILK SAMPLING 
LOCATIONS 


TARLE 4.—RADIONUCLIDES IN NEW YORK MILK, 
MAY 1963 


{Concentrations in pe /liter]) 


Strontium Strontium Iodine Cesium 
Sampling location 89 90 131 137 
Albany 47 12 20 61 
Buffalo 59 22 <20 74 
Massena 36 12 <20 79 
Newburgh 88 20 <20 74 
New York City 87 19 20 io 
Syracuse 70 15 <20 80 
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the ion exchange resin with sodium chloride solu- 
tion, strontium isotopes are gathered by means of 
sodium carbonate, isolated by means of ethyl- 
enediaminetetraacetic acid (EDTA), and radio- 
strontium is counted with a low background beta 
counter having an 0.8 mg/cm? window. The 
strontium—90 portion is differentially estimated by 
a second count 40 hours later to determine the rate 
of growth of its daughter product, yttrium—90. 


CANADIAN MILK NETWORK! 
May—June 1963 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


In January 1963, the Canadian Department of 
National Health and Welfare substituted the 
radioanalysis of fresh liquid milk for the analysis 
of powdered milk. The Department analyzed milk 
powders from November 1955 through December 
1962, but liquid whole milk had been monitored 
since April 1962 for iodine-131 only. 

With this change, it has been possible to choose 
milk sampling locations (see figure 6) in the same 
areas as the air and precipitation stations. This 
permits the observation of a number of environ- 
mental variables which may effect the radionuclide 
levels in milk. In addition, it is now possible to 
report radionuclide concentrations in terms of the 
activity per liter of milk as well as per gram of 
calcium in milk. 
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FIGURE 6.—CANADIAN MILK SAMPLING STATIONS, 
~ JUNE 1963 


1 Data from Radiation Protection Programs, Vol. 1, No. 7, 
Radiation Protection Division, Canadian Department of 
National Health and Welfare. 


October 1963 


The monthly average radionuclide concentrations 
in milk are shown in table 4 


REFERENCE 


1) Kahn, B., et al.: Rapid Methods for Estimating Fission 

Product Concentrations in Milk, Public Health Service 
Publication No. 999—-R-2, (March 1963). Single copies 
available on request from Public Inquiries Branch, U.S 
Department of Health, Education, and Welfare, Wash- 
ington 25, D.C. 


TARLE 5..-RADIONUCLIDES IN CANADIAN WHOLE 
MILK, MAY 1963 


Stron Stron Iodine Cesium 
Calcium tium-89 tium-90 131 137 

Station g/liter) (pe/liter) (pe/liter) (pe/liter) (pe/liter 

Calgary 1.21 18.7 32 2 92 
Edmonton 1.17 61.4 wee l 117 
Ft. William 1.13 25.5 30.9 2 141 
Fredericton 1.16 9.2 52 . 1 1 178 
Halifax 1.15 7.3 7.9 0 156 
Montreal 1.10 4 27.5 4 78 
Ottawa 1.10 8.3 lf 2 68 
Quebec 1.08 12 0.4 1 140 
Regina 1.07 11.8 18.8 l 2 
St. John's, Nfid 1.08 f 25.4 2 91 
Saskatoon 1.09 4 32.0 1 83 
Sault Ste. Marie 1.04 | 22.4 10 
Toronto 1.09 14.2 14.2 l R3 
Vancouver 1.23 385 17.9 4 219 
Windsor 1.14 10.1 14.8 2 58 
Winnipeg 1.13 6.7 11.¢ 0 96 
Average 1.13 18.6 24.5 2 112 


TARLE 6.—-RADIONUCLIDES IN CANADIAN WHOLE 
MILK, JUNE 1963 


Stron Stron lodin« Cesium 
Station Calcium tium-89 tium-9 131 137 

g/liter) (pe/liter) (pe /liter) (pe/liter) (pe/liter 

Calgary 1.30 146 52.2 } 199 
Edmonton 1.28 145.7 49.0 2 211 
Ft. William 1.34 241.4 83.3 2 364 
Fredericton 1.36 48.9 41.8 l 154 
Halifax 1.36 98 .2 4.1 l 208 
Montreal 1.31 101.1 18 1 179 
Ottawa 1.32 83.3 f 2 153 
Quebec 1.26 82.1 15.3 3 176 
Regina 1.30 210 65.8 4 192 
St. John’s, Nfid 1.34 116.1 67.3 2 248 
Saskatoon 1.27 109 .¢ 39.4 3 127 
Sault Ste. Marie 1.28 134.8 51.3 2 236 
Toronto 1.32 39.9 19.9 4 R4 
Vancouver 1.28 69.8 39.5 5 221 
Windsor 1.34 68.5 20.4 1 94 
Winnipeg 1.26 | 129.9 48 .¢ 0 138 
Average 1.31 114.2 45.2 2 187 


A detailed discussion of the sampling and radio- 
chemical procedures employed for milk analyses 
may be found in the Department’s publications 
(1, 2). Table 5 and 6 present the results of the 
measurements of strontium-89, strontium-—90, 
cesium-137, and iodine-131 in Canadian liquid 
whole milk for May andJune, respectively. Figures 
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FIGURE 7.—IODINE-131 AND STRONTIUM-89 
CONCENTRATIONS IN WHOLE MILK 


7 and 8 show the time profiles of these radio- 
nuclides in milk. 

It should be emphasized that the interpretation 
of fallout data in relation to health is a complex 
problem. In comparing the concentration levels 
in a particular medium with the so-called Maxi- 
mum Permissible Concentrations (MPC’s) as 
established by the International Commission on 
Radiological Protection (3), it is necessary to keep 
in mind that the MPC values refer to conditions 
of continuous exposure over a lifetime. Therefore, 
the average levels over an extended period, such 


RADIOSTRONTIUM IN MILK (1) 
October 1962—March 1963 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


The Health and Safety Laboratory (HASL) 
began monitoring liquid whole milk in New York 
City in 1954 for strontium—90 in order to estimate 
the dietary contribution from the ingestion of 
radiostrontium in milk. Subsequently, powdered 
milk monitoring was initiated at Perry, New York, 
and at Mandan, North Dakota. Liquid whole 
milk monitoring was started in Honolulu, Hawaii 
in August 1959. 
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FiGuRE 8.—STRONTIUM-90 AND CESIUM-137 
CONCENTRATIONS IN WHOLE MILK 











as one year, represent a better basis for comparison 
than do individual levels at any specific time. 


REFERENCES 


(1) Radiation Protection Division, Department of National 
Health and Welfare, Ottawa, Canada: The Preliminary 
Report on the Measurement of Radioactive Strontium in 
Canadian Milk Powder Samples, CNHW-RP-1, (July 
1958). 

(2) Mar, Peter G.: Outline of Procedure for the Radiochemical 
Analysis of Dried Milk Powders for Strontium and Yttrium, 
RPD-5, Radiation Protection Division, Department of 
National Health and Welfare (June 1, 1960). 

(3) International Commission on Radiological Protection: 
Report of Committee II on Permissible Dose for Internal 
Radiation, Pergamon Press, New York (1959). 


The New York City sample is a monthly com- 
posite of pasteurized milk purchased daily in quart 
containers at retail stores. Five large dairies are 
represented in the sample. The Honolulu sample 
is a monthly composite of pasteurized milk col- 
lected weekly. Samples from two dairies are 
analyzed and the results are averaged. The 
Mandan and Perry samples are monthly com- 
posites of powdered milk collected in 5-pound lots 
from plants in each city. The Mandan sample is 
powdered buttermilk used for cattle feed, while the 
Perry sample is powdered milk used for human 
consumption. The Honolulu data are of interest 
since the cows there are on pasture throughout 
the year. 
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FIGURE 9.—STRONTIUM-90 IN POWDERED MILK 
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FIGURE 10.—STRONTIUM-90 IN LIQUID MILK 
SAMPLES 


Strontium-89, which has a half life of about 50 

days, is indicative of fresh fission products from 
atmospheric nuclear testing being deposited. 
Because of the low strontium-89 levels since 
January 1963, analyses for this nuclide were 
discontinued. The Sr’, Sr® ratios are presented 
in tables 7 and 8, as are the calcium and strontium 
data. The fluctuations of strontium—90 with time 
are shown in figures 9 and 10. 
(The values ascribed to New York City for June 1962 
shown in table 4 on page 29 of the January 1963 
issue of RHD are in error. Through reanalyses of 
the sample, the following values for liquid milk from 
New York City for June 1963 have been ascertained: 
1.04 9 Ca liter; 15.1 pe Sr® /liter, 14.5 pe Sr®° g Ca, 
Sr** Sr ratio = 8.) 
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TARLE 7.—RADIOSTRONTIUM AND CALCIUM IN 
LIQUID MILK, OCTOBER 1962-MARCH 1963 


Strontium Strontium 
Sampling station Calcium 90 90 Ratio! 
and period (g/liter) pe/liter pe/g Ca) | (Sr**/Sr**) 


New York, New York 


1962 Oct . 0.92 12.6 13.6 6 
Nov s 0.98 10.0 10.4 3 
Dec : 0.97 10.6 10.9 1 

1963 Jan - . — 0.97 8.1 8.3 2 
Feb ~— 1.01 11.3 11.2 
Mar : , 1.03 13.8 13.4 

Honolulu, Hawaii 

1962 Oct 1.02 5 4.4 3 
Po 1.19 6.1 §.1 3 
Dec 1.04 5.6 5.6 5 

1963 Jan 1.07 5.1 4.8 7 
Feb 1.18 6.1 5.7 
Mar 1.10 8.4 of | 


1 Strontium-89 value extrapolated to the midpoint of sampling period. 


TARLE 8.—RADIOSTRONTIUM AND CALCIUM IN 
POWDERED MILK AND BUTTERMILK, OCTO- 
BER 1962—-MARCH 1963 


Strontium | Strontium 
Sampling station Calcium 90 90 Ratio! 
and period (g/kg) pe/kg pe/g Ca) | (Sr**/Sr*) 


Powdered Milk 
Perry, New York 


1962 Oct &.3 115 13.6 6 
Nov 8.5 109 12.8 3 
Dec 8.7 107 12.3 1 
1963 Jan 8.8 109 12.5 <1 
Feb 8.6 98 11.4 
Mar RB 105 11.9 
Powdered Buttermilk 
Mandan, North Dakota 
1962 Oct 11.3 356 31.5 6 
Nov 12.5 360 28.8 5 
Dec 11.1 347 $1.1 3 
1963 Jan 11.6 306 26.6 l 
Feb 11.6 363 31.3 
Mar 12.0 860 30.0 


Strontium-89 value extrapolated to the midpoint of sampling period 


Comment 


The Honolulu milk samples still contain less 
strontium-—90 per liter than those of other sampling 
stations. The strontium—90 concentration in milk 
at all stations decreased during the fourth quarter 
1962, reaching a low during mid winter. However, 
levels began rising as spring approached 


REFERENCES 


1) U.S. Atomic Energy Commission: Fallout Program Quar- 
terly Summary Report, HASL-—138:154-62, Office of Tech- 
nical Services, Department of Commerce, Washington 25, 
D.C. (July 1, 1963), price $3.50. 

Previous coverage in Radiological Health Data: 

Period Issue 

May-July 1961 March 1962 
August-December 1961 June 1962 
January-February 1962 September 1962 
March-—June 1962 January 1963 
July-September 1962 April 1963 
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Twelve-Month Sum of Daily 
Liter of Pasteurized Milk 


Iodine-131: August 1962—July 1963 





Radionuclide Content of One 


Strontium-89 and Strontium—90: July 1962—June 1963 


Division of Radiological Health, Public Health Service 


The guidance of the Federal Radiation Council 
(FRC) is given in terms of transient rates of intake 
of radioactive materials in picocuries per day. 
The action ranges proposed in FRC Report No. 2 
are based on radiation doses considered acceptable 
for lifetime exposure from normal peacetime 
atomic industry operations (1). The Council 
recommends the use of a time period of one year as 
an appropriate interval for averaging exposures 
and emphasizes that the annual acceptable ex- 
posure dose is not a “danger point” which, if 
exceeded, requires protective measures (1, 2, 8). 

To facilitate comparison of the concentrations 
of certain radionuclides in milk with the Radiation 
Protection Guides, tables 1 and 2 furnish estimates 
of the contribution of milk to the total dietary 
intake of iodine-131, strontium-89, and stron- 
tium-90. The tables are developed from the PHS 
Pasteurized Milk Network monthly averages of 
the radionuclides. The index values are estimated 
sums of the daily amounts of a radionuclide in one 
liter of milk for a 12-month period. 

The tables show 12-month index values for each 
of the Network’s 62 sampling locations. Due to 
the longer time required for strontium-89 and 
strontium-90 analysis, these 12-month index 
values are for the year beginning one month 
earlier than the iodine-131 values. The columns 
(B and C) of monthly index values in each table 
are used to compute the net change as the yearly 
index values are advanced by one month. Column 
D shows this new 12-month index value. In addi- 
tion, the second column in table 1 gives the average 
iodine-131 concentrations for July 1963. 

The data in tables 1 and 2 are calculated as 
follows: (a) results from all samples collected in 
each week (Sunday through Saturday) are aver- 
aged, (b) the weekly averages for all weeks ending 
within a given month are averaged and an average 
for the month is obtained, and (c) the monthly 
radionuclide index value is determined by mul- 
tiplying the average for the month by the number 
of days in the month. The number of days in the 
month will be either 28 or 35, corresponding to 
the complete calendar weeks ending in a given 
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month. Procedures examplified by (a) and (b) 
above tend to minimize the effect of any one day’s 
sample results on the average for the month, par- 
ticularly for a short-lived radionuclide such as 
iodine-131. The yearly index values are obtained 
by the following procedure. Column (A) gives 
the twelve-month index values for the period in- 
dicated. Columns (B) and (C) show the monthly 
index values for the periods indicated. The values 
in column (D) are obtained by adding the values 
in column (C) to those in column (A) and sub- 
tracting those in (B). 

For a number of reasons, it is desirable to use a 
standard quantity of milk in the development of 
index values for the different radionuclides. When 
one is concerned with radiostrontium, 1 liter is a 
suitable quantity, as this amount of milk supplies 
approximately 1 gram of calcium, the amount 
used by the Federal Radiation Council in deriving 
the daily intake guidance for radiostrontium. 
When one is concerned with iodine—131, the critical 
age group is the young infant. Available informa- 
tion suggests that the average milk consumption 
of infants in the 6-18-month group is not more 
than 1 liter per day (4, 5). Thus, the index value 
based on 1 liter of milk, though not directly an 
average intake value, is probably the most useful 
index for estimating total intake. 


REFERENCES 


(1) Federal Radiation Council: Background Material for the 
Development of Radiation Protection Standards, Report No. 
2. Superintendent of Documents, U.S. Government 
Printing Office (September 1961), price 20 cents. 

(2) Chadwick, Donald R., and Conrad P. Straub: Consider- 
ations in Establishing Radiation Protection Standards for 
Radioactivity in the Environment, Radiological Health 
Data, 3:159-65, Superintendent of Documents, Govern- 
ment Printing Office, Washington 25, D.C. (May 1962). 

(3) Public Health Service: Special Report, Radiological 
ernment Printing Office, Washington 25, D.C. (September 
1962). 

(4) U.S. Department of Agriculture: Food, The Yearbook of 
Agriculture, 1959, pp. 382-95, Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 25, 
D.C. (1959), price $2.25. 

(5) Public Health Service: Consumption of Selected Food 
Items in U.S. Households, July 1962, Radiological Health 
Data, 4:124—9, Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D.C. (March 1963). 
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TABLE 1.—TWELVE-MONTH SUM OF DAILY AMOUNTS OF IODINE-131 IN ONE 
LITER OF MILK 


[pe day /liter] 





Iodine-131 index values* 
July 1963 
iodine-131 





Sampling locations averages July 1962 July 1 June 30 August 1962 
(pe/liter) June 1963 July 28, 1962 | July 27, 1963 July 1963 
(A) B) C) ) 
Ala: Montgomery <16 6,170 280 140 6 030 
Alaska: Palmer patie <10 37,180 280 140 37 040 
Ariz: Phoenix. ___- ; <10 3,930 560 140 3,510 
Ark: Little Rock <10 13,900 280 140 13, 760 
Calif: Sacramento ; <10 4,460 560 140 4 040 
San Francisco. ; <10 4,630 840 140 3,930 
Colo: Denver ss . <10 6,100 1,400 140 4,840 
Conn: Hartford___. <10 7,500 280 140 7.360 
Del: Wilmington - . <10 11,350 280 140 11,210 
D.C: Washington __. ‘ <10 8 270 140 140 8,270 
Fla: Tampa . ; <10 6,490 140 140 6.490 
Ga: Atlanta... <10 8 900 560 140 8 480 
Hawaii: Honolulu : <10 4,420 280 140 4 280 
Idaho: Idaho Falls___. <10 8,200 1,400 140 6.940 
Til: Chicago. heed <10 11,840 1,120 140 10,860 
Ind: Indianapolis _— <10 11,000 560 140 10, 580 
Iowa: Des Moines-.___- <10 17 ,020 1,400 140 15.760 
Kans: Wichita os 7 <10 11,350 1.680 140 9 810 
Ky: Louisville _ . __ <10 9,600 140 140 9 600 
La: New Orleans... .___- <10 10,020 280 140 9 8R0 
Maine: Portland_ oe <10 7,990 280 140 7.850 
Md: Baltimore . - . <10 8,270 140 140 2 270 
Mass: Boston sete <10 7,780 140 140 7.720 
Mich: i ae ‘ <10 12,680 560 140 12 260 
Grand Rapids-.____. <10 9 560 560 140 9 140 
Minn: Minneapolis________. <10 11,560 840 140 10 R60 
Miss: Jackson ; <10 9 530 560 140 9 110 
Mo: Kansas City = <10 16,390 1,680 140 14.850 
St. Louis iene <10 9,740 1,120 140 R 760 
Mont: Helena. ___ ae <10 13,100 R40 140 > 400 
Nebr: Omaha an <10 15,900 1,960 140 4,080 
Nev: Las Vegas__- ; <10 5,050 1.680 140 3 510 
N.H: Manchester eee <10 7.710 280 140 7.570 
N.J: Trenton + <10 7,990 20 140 7.850 . 
N. Mex: Albuquerque - <10 5.960 1.120 140 4 9RO : 
N.Y: Buffalo e <10 8 550 560 140 8 130 } 
New York ; <10 11,070 220 140 10.930 | 
Syracuse......._.__. <10 9,210 560 140 8 790 ; 
N.C: Charlotte . _ <10 3,200 140 140 3.200 
N. Dak: Minot. . : <10 13,970 1.400 140 12 710 | 
Ohio: Cincinnati pie ao <10 13 660 840 140 12 960 | 
Cleveland : <10 10,930 220 140 10.790 / 
Okla: Oklahoma City - . <10 12,540 560 140 12 120 
Ore: Portland. __ a <10 & 900 R40 140 R 200 
Pa: Philadelphia <10 10,650 560 140 10.230 : 
Pittsburgh - - : <10 13.940 560 140 13520 
P.R: San Juan> : <10 5,190 140 140 5.190 : 
R.I: Providence - : <10 7,990 140 140 990 | 
S.C: Charleston - <10 7,180 560 140 6.760 | 
S. Dak: Rapid City : <10 14,150 1.400 140 12.890 : 
Tenn: Chattanooga <10 7,430 140 140 7,430 
Memphis ae <10 9 RRO 2R0 140 9 740 
Tex: Austin ; . <10 11,040 140 140 11,040 
Dallas <10 17,690 140 140 17,690 : 
Utah: Salt Lake City <10 31,920 16,240 140 15.820 
Vt: Burlington <10 8 380 280 140 8 240 
Va: Norfolk <10 6,100 140 140 & 100 
Wash: Seattle <10 9,600 1.400 140 R 340 
Spokane <10 9,320 2,240 140 7,220 
W. Va: Charleston <10 6.030 220 140 Ro0 
Wis: Milwaukee <10 13, 800 R40 140 13,100 
Wyo: Laramie ; <10 18 600 10,360 140 8 380 / 


* The data in this table are index values, not to be interpreted as consumption or total intake values 


Annual | 
iodine-131 intake per person from milk may be calculated from an index value in this table by applying the appr : 
priate factor representing average individual daily milk consumption for any selected group under consideration. | 

Example: 12-month I!" index « milk consumption factor = 12-month I" intake 
(pe day /liter) (liter/day /person) pe/person,) } 


» No sample was received for November 1962. The sums in columns A and D are therefore for 11 months 
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TABLE 2..-TWELVE-MONTH SUM OF DAILY AMOUNTS OF STRONTIUM-89 AND STRONTIUM-90 IN ONE 


LITER OF MILK 











Strontium-89 index values* Strontium-—90 index values* 
(pe day/liter) (pe day/liter) 
Sampling locations May 26, 1963 May 26, 1963 
June 1962 June 1962 une 29, July 1962 June 1962- June 1962 June 29, July 1962 
May 1963 1963 June 1963 May 1963 1963 June 1963 
(A) (B) (C) (D) (A) (B) (C) (D) 

Ala: Montgomery 22,785 1,925 2,625 23 485 6,090 560 770 6,300 
Alaska: Palmer 19,705 2,100 2.275 19 880 4,375 455 77 4,690 
Ariz: Phoenix 6.985 175 350 7,160 1,379 105 175 1,449 
Ark: Little Rock 45,885 4,200 6,300 47 985 12,355 1,120 1,820 13 055 
Calif: Sacramento 13,180 700 2,450 14,930 2,436 175 385 2,646 

San Francisco 24 325 875 2,800 26 ,250 3,444 245 665 3,864 
Colo: Denver 11,200 2,100 2,450 11,550 4,291 455 770 4,606 
Conn: Hartford a 8 630 1,225 2,100 9,505 4,494 490 1,260 5,264 
Del: Wilmington ‘ 12.655 1,400 3,325 14,580 5,901 595 1,435 6,741 
D.C: Washington 15,400 2,275 3,500 16 625 6,321 595 945 6,671 
Fla: Tampa.--. 12 , 530 875 1,225 12 , 880 4,277 385 420 4,312 
Ga: Atlanta 29 540 2,450 4,200 31,290 7,735 700 1,120 8,155 
Hawaii: Honolulu 12,565 875 1,575 13 ,265 2,394 175 350 2,569 
Idaho: Idaho Falls 10,815 1,750 5,950 15,015 4,347 455 1,365 5,257 
Ill: Chicago eo 10,870 2,450 2,100 10,520 5,285 525 1,015 5,775 
Ind: Indianapolis ; 14,490 2,100 2,100 14,490 6 ,090 560 1,155 6,685 
Iowa: Des Moines : 28 ,350 5,950 6 300 28.700 6 342 910 1,155 6,587 
Kans: Wichita 17,570 2,800 6,125 20 895 4,907 560 1,050 5,397 
Ky: Louisville 31,780 4,200 7,700 35.280 8,568 875 1,610 9,303 
La: New Orleans 54.040 5.075 4,900 53 865 12,278 1,330 1,470 12 418 
Maine: Portland 11,080 1,575 2,100 11,605 6,384 455 1,190 7,119 
Md: Baltimore 14,525 2.100 5,075 17,500 6,188 595 1,050 6,643 
Mass: Boston ‘ 11,850 1,575 2,450 12,725 7,105 560 1,505 8 050 
Mich: Detroit 9 855 1,400 1,575 10 ,030 5,425 490 980 5,915 

Grand Rapids ; 8,770 1,400 1,400 8,770 4,445 420 1,050 5,075 
Minn: Minneapolis os 20, 860 4,025 6,300 23.135 7,483 840 1,575 8,218 
Mias: Jackson mn 53 305 4,900 4,200 52 605 9,884 1,015 1,120 9,989 
Mo: Kansas City a 32 , 830 7,525 8,400 33.705 6,615 875 1,365 7,105 

St. Louis : 20,790 4,025 5.600 22.365 5,677 805 1,330 6,202 
Mont: Helena 17,955 2,625 4,200 19 530 5,544 560 1,015 5,999 
Nebr: Omaha % 23 ,520 4,550 5,425 24,395 6,268 840 1,225 6,653 
Nev: Las Vegas” 6,895 c— 1,050 7,945 1,876 e_ 245 2,121 
N.H: Manchester — 11,185 1,225 2.625 12,585 6,377 420 1,505 7,462 
N.J: Trenton... 10,135 1,225 2.275 11,185 5,096 420 1,155 5,831 
N. Mex: Albuquerque 7,775 700 1,925 9,000 2,002 210 455 2,247 
N.Y: Buffalo 9,400 1,400 2.275 10,275 5,390 455 1,120 6,055 

New York 10,765 1,400 2.975 12,340 5 887 490 1,330 6,727 

Syracuse - ‘ 9 680 1,050 2,625 11,255 5,040 420 1,295 5,915 
N.C: Charlotte ; 22,260 3,150 5 425 24.535 8,379 945 1,575 9,009 
N. Dak: Minot 21,850 4,200 11,200 28 850 9,842 1,050 2,170 10 ,962 
Ohio: Cincinnati = 17,605 2,450 2.975 18,130 6,447 665 1,365 7,147 

Cleveland a 10 ,800 2,100 2.450 11,150 5,313 490 1,155 5,978 
Okla: Oklahoma City ‘ 28 560 4,725 4,725 28 , 560 7,483 1,015 1,085 7,553 
Ore: Portland - . 36 050 2,275 5,250 39 025 6,405 490 1,260 7,175 
Pa: Philadelphia 11,395 1,400 2.625 12 .620 5. 866 455 1.365 6.776 

Pittsburgh 12,760 1,925 3.675 14,510 6 , 587 595 1,575 7,567 
P.R. San Juan‘ 28 455 1,925 2,450 28 980 4,298 455 490 4,333 
R.I: Providence . . 10,450 1,225 2,450 11,675 5,719 455 1,330 6,594 
S.C: Charleston - 24,425 2,100 3.150 25.475 8.099 700 980 8.379 
S. Dak: Rapid City 24,395 6.475 6.650 24.570 7,007 1,400 2,065 7,672 
Tenn: Chattanooga 36.785 3,675 6,300 39.410 9,030 840 1,540 9,730 

Memphis 35,665 4,025 5,425 37 065 8,883 910 1,365 9,338 
Tex: Austin 13,265 1,050 1.400 13,615 2,898 280 350 2.968 

Dallas 32 ,725 2.975 3,325 33 .075 6,622 630 805 6,797 
Utah: Salt Lake City 12,005 1,400 3,150 13.755 4,501 490 980 4,991 
Vt: Burlington 11,465 1 050 1,925 12,340 5,432 455 1,190 6.167 
Va: Norfolk 19 320 2.450 3,500 20.370 7,413 735 945 7,623 
Wash: Seattle 25,305 2 275 4,025 27.055 6,272 665 910 6,517 

Spokane 16 , 800 2 975 4,550 18,375 5,817 630 1,050 6,237 
W. Va: Charleston 25,515 4,025 5.600 27 .090 8 456 805 1,505 9,156 
Wis: Milwaukee 9,435 1,225 1,750 9,960 4,109 385 945 4.669 
Wyo: Laramie 21,980 2,100 4,025 23,905 4,991 525 1,295 5,761 


* The data in this table are index values, not to be interpreted as consumption or total intake values. Annual strontium-89 and strontium-90 intake per 
person from milk may be calculated from an index value in this table by applying the appropriate factor representing average individual daily milk consump- 
tion for any selected group under consideration. 


Example: 12-month Sr*® or Sr®° index * milk consumption factor = 12-month Sr*® or Sr® intake 
(pe day /liter) (liter/day /person) (pe/person) 


> Station included in Pasteurized Milk Network in July 1962. The sums in columns A and D are therefore for 11 and 12 months respectively. 
¢ A dash indicates no analysis. 


4 No sample was received for November 1962. The sums in columns A and D are therefore for 11 months. 
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June 1957—April 1963 


Jeptha E. Campbell and Gopala K. Murthy 


This report contributes to the development of 
environmental exposure estimates by summariz- 
ing the data on radionculides in raw milk obtained 
at monthly intervals, since early 1957, from 
selected groups of dairy farms in different areas 
of the U.S.A. (1). On the basis of the early results 
from this study, the Public Health Service estab- 
lished a comprehensive pasteurized milk network 
which now serves as the major source of informa- 
tion on radioactivity in market milk. However, 
the original sampling program has also been 
maintained, and the accumulated data now re- 
present a sequence of observations that reflect the 
changing levels of specific radionuclides entering 
milk from fallout over the last five-year period. 

Milk was chosen as the first item of the diet to be 
surveyed for several reasons, including (a) evidence 
indicating that milk and milk products were major 
contributors of Sr*° to the total diet, (b) milk is 
used extensively by almost all segments of the 
population, especially children, (c) it is produced 
on a year-round basis in almost every area of the 
United States, and (d) the relatively uniform com- 
position of this food makes one set of methods 
equally applicable to all samples. 

Using methods of analysis available at the time, 
preliminary examination of several market milk 
supplies showed that Cs", I'*!, Sr**, Sr®°, and Ba!#° 
were present in measureable concentrations and 
led to the decision that concentrations of all of 
these should be rountinely determined. With this 
in mind, asystem for the measurement of Sr*?, Sr®°, 
Ba'*°?, and Cs'* by chemical methods (2, 3) and, 
subsequently, a technique for measurement of 
['!, Ba'*?, and Cs'*” by gamma spectroscopy (4) 
were developed, which were suitable for well 
trained non-professional personnel and which were 
applicable to large numbers of samples. A tech- 
nique was also developed by which milk could be 
satisfactorily transported without refrigeration 

from distant locations to a central laboratory for 
analysis. 

The following criteria were used to select stations 


1 Dr. Campbell is Chief, and Dr. Murthy is Research 
Chemist, Food Chemistry Section, Milk and Food Research, 
Robert A. Taft Sanitary Engineering Center, Public Health 
Service, Cincinnati, Ohio. 


October 1963 
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in discrete geographical areas within specified 
milksheds serving large urban populations in 
different regions of the United States: (a) The milk 
represented in each sample was-from a group of 
farms milking a total of at least 1000 cows; (b) 
the number of individual farms was small enough 
so that collection of collateral farm data from 
each farm was feasible; (c) the milk samples were 
from a supply that was part of a metropolitan 
milkshed; (d) the conditions under which the milk 
was received were such that each sample was 
representative of the same farms in the production 
area. 

At the time when these studies were begun, 
practically no information was available to guide 
the establishment of a radiation surveillance net- 
work for milk, and many of the basic decisions 
related to sampling procedures and analytical 
methods were made on the basis of intuition and 
judgement. One such decision that the 
monthly milk samples should represent 1 or 2 days 
of production around the time of sampling rather 
than a composite of all the milk produced from one 
sampling period to the next. 

Since these samples represented only 1 or 2 per 
cent of the market milk supply, it was clear that 
such data could not be assumed to represent all of 
the milk in that area. This limitation led ulti- 
mately to the establishment of an expanded 
surveillance network of 62 stations by the Public 
Health Service for measuring the-levels of radio- 
activity in samples of pasteurized milk consumed 
by the public. Each sample from the latter is 
composited in proportion to the plant sales and 
reflects 80 to 100 per cent of the milk processed in 
each city. The results of the pasteurized milk 
network have been published in Radiological 
Health Data (5). 

During the first year of operation of the raw 
milk network, five areas were selected for surveil- 
lance: New York, Cincinnati, St. Louis, Salt Lake 
City, and Sacramento. In the second year stations 
were added at Atlanta, Chicago, Fargo-Moorhead, 
Austin, and Spokane. Regular monthly samples 
have been received from all stations since initia- 
tion of the network except for Fargo-Moorhead 
which discontinued participation in January 1960. 


was 


511 


SS 











a 


















Te eS, 


~~ al ae 
5S 


Ons ae ee 





Methods 


The method initially instituted for collecting 
and shipping the samples has been continued 
without change. One-gallon raw milk samples are 
taken monthly from collecting stations in each 
area under surveillance, preserved with 4 ml of 
40% formaldehyde solution, and forwarded to the 
Robert A. Taft Sanitary Engineering Center for 
radionculide analysis. Each sample, collected 
in a manner to meet the criteria previously out- 
lined, is representative of milk lots ranging from 
2,000 to 90,000 gallons for the total milk supply of 
the designated area. In addition, during October- 
November 1961, daily milk samples were collected 
from all the nine milksheds. The frequent sampl- 
ing procedure, on an every-other-day basis, was 
extended to the Cincinnati area until December 
1962. 

The concentrations of I'!, Ba!4°, and Cs!" are 
measured by gamma spectroscopy (4) while total 
radioactive strontium and Sr®* are determined 
following radiochemical separation (3, 6, 7). The 
amount of Sr®*° is computed by determining the 
concentration of Y% in the chemically isolated 
strontium after a two-week period, at which time 
the Y°° and Sr®° are in secular equilibrium. The 
total radioactive strontium is determined in a 
shielded proportional counter and the difference 
between this concentration and that determined 
for Sr®*® is reported as Sr**. Stable calcium and 
potassium are also determined routinely on all 
samples (8). 

Since initiation of the project, several of the 
analytical procedures have been improved or 
simplified. Prior to use, however, each new pro- 
cedure was shown to have a precision and sensiti- 
vity equal to or better than the method replaced, 
thus making all of the data obtained in connection 
with the Raw Milk Surveillance Network com- 
parable, with one exception. The initial radio- 
chemical procedure for Cs"? was found to include 
a contribution from the beta-emitting Rb*’ which 
is not detected in the gamma-spectrometer. Ac- 
cordingly the Cs"? values from May 1957 to 
January 1959 may be high by as much as 15-20 pe 
per liter of milk as compared with later data. The 
['3!, Ba'*? and Sr*® values have been corrected for 
decay to time of collection of the milk sample. In 
contrast to some of the already published data 
(9, 10) the observed concentrations of these 
nuclides have been rounded off to the nearest 5 pe 
in view of their minimum detectable concentra- 
tions. 
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Results and Discussion 


To provide a convenient source of information 
generated in the Raw Milk Sampling Program, 
the results of all monthly milk samples collected 
from May 1957 through April 1963 are summarized 
in tables 1 through 7 for I'*!, Ba'#°, Sr8%, Sr9°, Cs}, 
calcium, and potassium, respectively. Relation- 
ship between fallout and occurrence of fission 
products in milk as influenced by season of the 
year and the geographical location (9, 10), as well 
as the interrelationship between these data and 
those of other environmental media (11) have been 
discussed elsewhere. Accordingly, discussion in 
this text will be limited to: (a) the representa- 
tiveness of the data; (b) a comparison of the results 
with the Pasteurized Milk Network, and (c) the 
observed gross differences in the levels of certain 
radionuclides in milk as observed with respect to 
time. 

The data presented in tables 1-7 have been 
obtained from monthly milk samples representing 
1 or 2 days of production rather than a composite 
of all the milk produced from one sampling period 
to the next. In assessing the representativeness of 
these data several avenues of investigation have 
led to the conclusion that this procedure is satis- 
factory for Sr*° and Cs‘ and unsatisfactory for 
['31, Ba'4®, and Sr*®; direct confirmation of this view 
has been possible only recently when, for a period 
of time (October and November 1961), the fre- 
quency of sampling in the raw milk network was 
greatly increased in all the nine locations. 

Analysis of composites of daily raw milk samples 
for Sr*° and Cs'*” were made and compared with 
the single monthly samples. The results presented 
in table 8 show no significant differences between 
the single and composited samples for these 
nuclides during the limited period. Extension of 
this study in the Cincinnati area toa period (April 
to September 1962) of relatively rapid change in 
Sr*° content of the milk (Figure 1) also showed in 
this case that results between composited and 
single monthly samples are comparable within 
differences of 25-50 percent. 

However, during periods of rapid change in Sr®, 
the data presented in figure 1 also indicate that 
the time of collecting single monthly milk sample 
is rather important. Samples collected either at 
the beginning or at the end of each month may 
show Sr*° variations by as muchas 25 to 75 per- 
cent. In the case of raw milk network, it has 
always been scheduled to collect single monthly 
samples during the middle of every month from 
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TABLE 1.—CONCENTRATION OF IODINE-131 IN RAW MILK, JUNE 1957-—-APRIL 1963 


pe/liter] 


Month New York Cincinnati St. Louis Salt Lake City 
1957 
Jun 40 370 410 440 
Jul 
Aug 50 230 210 00 
Sep 300 430 970 740 
Oct 250 300 R90 990 
Nov 100 <10 10 10 
Dec <10 10 10 0 
1958 
Jan <10 10 10 10 
Feb 10 “10 10 40 
Mar 10 <10 10 10 
Apr 50 30 100 30 
May 30 <10 <10 10 
Jun <10 <10 10 <10 
Jul. 70 110 625 155 
Aug 70 40 60 R0 
Sep 10 5 20 15 
Oct 60 30 35 10 
Nov 35 180 125 85 
Dec <10 <10 25 <10 
1959 
Jan <10 <10 “10 10 
Feb <10 <10 <10 <10 
Mar <10 <10 <10 <10 
Apr <10 <10 <10 <10 
May <10 <10 -10 10 
Jun <10 <10 £10 <10 
1961 
Sep 50 40 10 170 
Oct 330 95 50 1 
Nov. 60 R5 410 0 
Dec 20 20 30 l 
1962 
Jan 10 <10 -10 10 
Feb <10 <10 <10 10 
Mar 10 <10 <10 10 
Apr <10 <10 <10 10 
May 35 40 35 15 
Jun <10 <10 40 -10 
Jul. 55 > 40 
Aug £10 <10 20 175 
Sep 40 35 100 4 
Oct 60 55 95 9 
Nov 55 245 5 
Dec_. <10 <10 R5 
1963 
Jan <10 <10 20 <10 
Feb <10 <10 10 10 
Mar <10 10 <10 15 
Apr <10 <10 10 <10 


* Note: From July 1959 through August 1961 I'"' not detectable 


New York, Cincinnati, St. Louis, Salt Lake City, 
Sacramento, and Chicago, while the samples from 
Atlanta, Austin, and Spokane are collected during 
the first week of every month. 

The pasteurized milk network was established 
mainly to obtain estimates of radionuclides con- 
sumed by large population in a given metropolitan 
city. It was thought, therefore, interesting at this 
time to compare the Sr® concentrations in milk 
samples obtained by the raw and pasteurized milk 
network. 

For comparison .the Sr* concentrations have 
been recorded over 26 months (table 9) in each of 
nine milksheds for the raw and pasteurized milk 
samples. The data were statistically analyzed to 
see if the mean Sr* concentrations of raw milk 


October 1963 


Sacramento Atlanta Austin Chicago Spokane 
10 
10 
10 
10 
10 
<10 
10 
10 
<10 
240 
45 20 l 125 
20 65 ) 45 43 
10 20 Lf 15 10 
10 1¢ 10 20 10 
15 3 130 5 65 
1é 2 40 10 30 
<10 <10 <1 10 <10 
<10 <10 1f 10 <10 
10 <10 l 10 10 
<10 <10 <] 10 10 
<10 <10 ] 10 20 
<10 16 l 10 <10 
1( <10 1 10 10 
2 13 200 1¢ 
7 9 { 100 10 
10 50 4 15 10 
10 15 1 1 
10 10 1 10 if 
10 10 1 10 10 
10 () 2 <10 “10 
10 10 10 q <10 
10 35 4 4 <10 
10 <10 1 4 130 
10 30 25 
2 15 lt 0) 90 
10 45 15 70 
10 55 5 f 20 
<10 330 4 1 20 
10 l 4( 10 <10 
10 10 <10 10 <10 
10 <10 <10 10 10 
10 <10 <10 10 <10 


samples differed significantly at a = 0.01 from the 
Sr*° concentrations of pasteurized milk samples. 

A paired ‘t’ test was made to test the above 
hypothesis and the results are presented in table 
9. The results indicate that at a significance level 
of a 0.01 the mean Sr® values of raw and pas- 
teurized milk samples from St. Louis and Atlanta 
were significantly different while that from New 
York was also significantly different at a 0.05. 
The validity of the difference between the mean 
Sr*® values of raw and pasteurized milk samples 
from New York was rejected considering the errors 
involved in determining Sr® in milk. 

Correlation coefficients between raw and pas- 
teurized milk samples in each of the milksheds 
were computed and are included in table 9. The 
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TABLE 2. 





CONCENTRATION OF BARIUM-140 IN RAW MILK, JUNE 1957—-APRIL 1963 


[pe/liter] 


Month New York Cincinnati St. Louis Salt Lake City 
1957 
Jun_._- ‘ — 95 70 
Jul 145 198 
Aug 75 100 50 45 
Sep 125 125 530 85 
Oct 160 70 120 130 
Nov <10 15 <10 <10 
Dec <10 <10 15 <10 
1958 
Jan <10 <10 <10 <10 
Feb <10 <10 <10 <10 
Mar <10 <10 <10 <10 
Apr <10 <10 50 <10 
May <10 15 15 <10 
Jun 20 35 45 20 
Jul 65 110 230 15 
Aug - 30 85 115 20 
Sep. 15 15 50 15 
Oct 15 <10 15 <10 
Nov 30 10 35 <10 
Dec <10 <10 <10 
1959 
Jan <10 <10 14 <10 
Feb <10 <10 <10 <10 
Mar <10 <10 <10 <10 
1961 
Sep <10 10 <10 <10 
Oct 45 10 40 40 
Nov 20 10 75 50 
Dec 10 10 15 <10 
1962 
Jan £10 10 20 <10 
Feb <10 15 <10 <10 
Mar <10 <10 <10 <10 
Apr <10 <10 15 <10 
May <10 <10 165 <10 
Jun <10 <10 25 <10 
Jul 20 <10 15 
Aug <10 <10 15 35 
Sep <10 <10 20 10 
Oct 20 20 20 <10 
Nov 25 30 65 <10 
Dec 30 <10 20 
1963 
Jan <10 <10 <10 <10 
Fet <10 <10 <10 <10 
Mar <10 <10 <10 <10 
Apr <10 <10 <10 <10 


* Note: From April 1959 through August 1961 Ba™® not detectable. 


results shown that except for samples from Sacra- 
mento, the correlation between sample types are 
good. The negative and poor correlation observed 
in Sacramento may be due to several factors in- 
cluding low level of Sr®, sample variation, and 
errors involved in determining low Sr°®® levels. 

The above analysis suggests that except for St. 
Louis and Atlanta the data for raw milk may be 
used as such to estimate Sr*® concentrations in pas- 
teurized milk for the time period not covered by 
the Pasteurized Milk Network. Although there is 
no satisfactory explanation to account for the 
differences in the St. Louis findings, one possibility 
may lie in the marked differences in geological 
characteristics of the land and farming practices 
in the several areas comprising these milksheds. 

In contrast to long-lived radionuclides, short- 
lived radionuclides in milk have been found to be 
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Sacramento Atlanta Austin Chicago Spokane 
10 = ~ 
10 ‘i " " 
25 — 
45 — 
45 — 
25 - - _ 
<10 - — 
<10 ~ 
<10 - - _ 
20 - — 
10 _ — — 
<10 <10 <10 -- - 
<10 12 <10 35 — 
<10 50 20 20 15 
<10 <10 <10 10 <10 
<10 <10 <10 <10 <10 
15 <10 30 <10 50 
<10 <10 10 <10 <10 
<10 <10 <10 <10 <10 
<10 <10 <10 <10 <10 
<10 <10 <10 <10 <10 
<10 <10 <10 <10 <10 
<10 10 <10 15 <10 
15 10 45 25 <10 
<10 25 10 <10 <10 
<10 25 20 15 <10 
<10 <10 <10 <10 <10 
<10 <10 <10 <10 <10 
<10 <10 10 <10 <10 
<10 <10 <10 10 <10 
<10 <10 <10 35 <10 
<10 15 <10 <10 <10 
<10 10 <10 <10 <10 
<10 <10 <10 <10 20 
15 <10 <10 15 <10 
<10 <10 15 20 <10 
<10 45 50 <10 <10 
<10 10 <10 <10 <10 
<10 <10 <10 <10 <10 
<10 <10 <10 <10 <10 
<10 <10 <10 <10 <10 


present only during and immediately following 
weapons-test activity, after which the levels in 
milk closely parallel the decay of the radionuclides. 
It is evident, therefore, that single observations 
made at monthly intervals provide only an indica- 
tion of its presence and would not represent the 
actual levels during the intervening period. Such 
discrepancies are clearly shown in figure 2, which 
compares I'*! levels in milk collected on an every 
other day basis and estimates from single monthly 
samples. Similar observations were made in milk 
samples collected from all the nine milksheds 
during October-November 1961. 

The data collected from radiation surveillance 
networks are customarily interpreted in terms of 
the differences observed between samples within a 
relatively short interval of time. Under such 
conditions for example, the levels of Sr®° and Cs!*7 
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TABLE 3. 


CONCENTRATION OF STRONTIUM-89 IN RAW MILK, AUGUST 1957 


APRIL 1963 


[pe/liter] 





Month New York Cincinnati St. Louis Salt Lake City 
1957 
Aug 110 125 120 105 
pte 125 100 360 85 
ee 190 200 215 150 
50 75 100 35 
Dec Ee 25 20 45 20 
1958 
es 10 <5 35 15 
Feb. 2 5 10 20 10 
Mar 5 10 30 5 
| ERATE 5 20 50 5 
eee 40 120 170 45 
Jun > 95 160 75 110 
c 135 295 485 40 
Aug 60 150 380 70 
_ eee 120 150 450 75 
Oct 145 100 235 40 
ee 85 165 245 20 
Dec 20 60 145 10 
1959 
Re 15 50 120 10 
Feb 10 20 120 5 
5 30 210 5 
ee 10 60 280 10 
SE Scciieison 30 75 220 50 
REE 45 45 130 40 
ee 15 25 40 30 
Aug 45 13 20 5 
EE <5 5 15 <5 
tee <5 <5 20 <5 
1961 
Sep- <5 10 5 <5 
=a 35 15 75 30 
ae 4 45 170 <5 
Dec <5 q 40 <5 
1962 
aa <5 <5 55 <5 
Saat <5 <5 135 <5 
| ES <5 5 155 <5 
i vthins one <5 40 305 <6 
a 50 50 230 5 
40 80 140 20 
Jul. 105 100 80 25 
ale d ted 15 20 30 35 
I iecacsised hit 150 20 40 9 
ee 70 45 60 20 
| ae 205 80 185 10 
Dec iy 25 5 335 <5 
1963 
a <5 10 90 <5 
i a <5 <5 75 25 
Mar..... <5 5 130 
Apr <5 80 180 <5 


* Note: From November 1959 through August 1961 Sr** not detectable. 


in milk have been found to be considerably more 
dependent on factors related to the season of the 
year than on the deposition of these radionuclides. 
On the other hand, when the raw milk data are 
averaged on a yearly basis to minimize seasonal 
fluctuations and then plotted as a function of time 
as has been done in figures 3 and 4, a clear associa- 
tion is seen between a high level of activity in milk 
and periods of weapons tests (1958-59 and again 
in 1961) and decreased levels of activity during the 
intervening period. This presentation also reveals 
similarity among the widely separated areas in 
the trend of concentrations of these fission pro- 
ducts in milk. 

Table 10 presents a summary of the monthly 
data shown in tables 1-7. During the years 1957 


October 1963 


Sacramento Atlanta Austin Chicago Spokane 
40 - 
20 _ 
35 -- 
15 
35 
<5 = _ 
5 -_ 
25 — = 
115 . — 
65 -- — 
60 55 35 - 
35 60 2! 95 — 
50 175 60 95 90 
25 115 50 150 70 
20 110 50 85 75 
25 45 85 90 60 
20 40 50 25 85 
20 90 40 10 30 
15 90 55 25 
95 160 110 10 10 
60 210 105 10 25 
40 150 60 90 145 
15 65 35 30 85 
10 30 10 80 45 
5 25 20 15 35 
<5 15 <5 10 15 
<5 5 <5 5 <5 
<5 <5 <5 <5 
<5 15 <5 35 <5 
25 <5 45 75 <6 
25 75 40 <5 <5 
5 110 100 <i <5 
15 215 20 <5 <5 
90 175 30 <5 <5 
35 235 55 <5 <5 
30 180 35 15 30 
10 65 25 40 50 
10 30 15 25 50 
<5 20 5 15 10 
<5 & <5 20 20 
10 215 5 55 15 
20 20 59 24 20 
80 115 105 <5 30 
10 95 70 <5 <5 
25 65 35 <s <5 
30 80 30 <5 <5 
180 95 45 10 <5 


through 1962, the short-lived radionuclides iodine 

131 and Ba'*® ranged from non-detectable to a 
maximum monthly average of 990 pe /liter for 
I's! and 530 pe/liter for Ba'*®. Concentrations 
were very low or non-detectable during 1959 and 
1960. However, concentrations of these radio- 
nuclides in milk were seen to increase in 1961 and 
1962. It should be noted that the maximum of the 
monthly averages for 1961 and 1962 were about 
half of the values recorded for the period 1957-58. 
Although increases were noted in the maximum 
values during 1961-62, the median values for I)* 
and Ba'*® indicate that at least half of the stations 
for at least six months of each of these two years 
were still reporting non-detectable values. 
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CONCENTRATION OF STRONTIUM-90 IN RAW MILK, 
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TABLE 5. 


Month New York 
1957 
Sa 40 
aes 30 
er ivisemased 25 
Aug iia 50 
i iadenigiaeal 70 
Oct 50 
eS 45 
Dec ‘ 40 
1958 
Jan : 30 
IE 45 
Mar . . 50 
Apr. ‘ 45 
May--. ; - 
| ¥ — 
| aes 45 
Aug eux 35 
Sep 30 
Sa 35 
45 
Dec a 40 
1959 
Jan__. 45 
Feb 60 
Mar.. 45 
Apr 35 
May a 55 
Jun 2 40 
Jul. ‘ 45 
Aug 35 
| 15 
Oct aca 20 
Nov ans 35 
Dec " 40 
1960 
Jan... 2 45 
Feb ade 45 
Mar. .. 40 
Apr — 45 
May ece 40 
Jun__. ne 25 
| AR 10 
Aug came 10 
aa 10 
Oct Pee: 5 
Nov a 20 
Dec PS: 15 
1961 
Jan 15 
Feb . 20 
Mar = 20 
Apr . 20 
May 4 5 
Se 15 
Jul. ‘ 10 
Aug 3 10 
a 5 
Oct — 15 
Nov ‘ 15 
Dec 20 
1962 
Jan 45 
Feb a 20 
Mar 25 
Apr 20 
May 50 
Jun 75 
Jul 55 
Aug 10 
Sep 65 
Oct 90 
Nov 75 
Dec 90 
1963 
Jan 75 
Feb 65 
Mar 70 
Apr 60 


October 19638 


CONCENTRATION OF CESIUM-137 IN RAW MILK, MAY 1957 


[pe/liter] 





Cincinnati St. Louis Salt Lake City Sacramento Atlanta Austin 
26 20 30 30 
85 70 55 40 
86 60 50 0 
40 35 40 Ri 
55 65 155 45 
40 65 45 40 
35 35 45 50 
40 50 35 35 
50 40 40 45 
55 45 65 45 
60 55 80 0 
50 60 65 100 
65 90 25 15 55 
35 60 30 20 50 
60 30 15 40 
25 50 20 5 45 
55 60 25 20 25 
40 50 15 15 45 
45 65 2 20 60 
30 50 35 40 60 
55 90 5 90 
45 100 20 40 105 
65 160 65 35 100 
45 110 60 20 75 
35 RO 15 60 
15 75 30 ) 
10 35 80 10 40 
15 45 35 15 30 
40 40 35 15 40 
35 45 35 10 70 
45 40 40 10 45 
40 35 40 10 65 
40 45 55 20 65 
85 40 5 10 55 
15 35 35 10 40 
15 30 25 5 35 
25 80 20 10 30 
10 10 40 5 20 
10 20 15 ; 20 
10 25 20 5 
15 25 10 10 20 
20 15 5 5 20 
10 20 5 <5 25 
15 20 10 10 25 
25 30 20 20 30 
15 20 <5 5 25 
15 35 10 15 20 
15 20 20 <5 25 
15 20 10 10 25 
20 15 5 <5 15 
5 20 10 <5 15 
5 As 15 <5 10 
15 30 30 15 10 
20 30 15 20 25 
25 5 10 10 30 
25 35 <5 5 60 
5 65 10 <5 70 
0 90 <5 30 115 
30 140 20 35 180 
60 135 55 25 105 
50 95 6d 15 R5 
35 R5 iD 20 60 
30 65 70 15 55 
40 75 55 15 45 
60 90 90 25 45 
70 R5 20 75 
7; 100 105 95 RF 
60 100 R0 OF 90 
65 110 90 45 95 
65 115 55 120 100 


Spokane 


vu 











a 











ee 





Month 
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TABLE 6. 


New York 


pe el ed et eed ek fe et et ed et frm eh eh eh pet eh el fet et tt pee ek et ek et ek ek et et pet pt 


CONCENTRATION OF CALCIUM IN RAW MILK, MAY 1957- 


Cincinnati 


Pret pt et fk et et et gg et et et et —i atte 


ee et ek et ek et et et et et et et 


eee ese ee 


Dee et tt at et et et et et 


St. Louis 


pub feat fh mth fs emi el pd teat pe fea fe ed fe lh ed lh om fe bh fh fd ed othe fed pm pet pea ph fh eh eh ef pat pe th ch pf lp 
5h rn = rn - C 
> x 30 x 


ores ss | 
t 


~~ 
_ 
se) 


{g/liter} 


Salt Lake City Sacramento 


— 


— tt 


Pmt et tet pet et et fet pet pet et tt es ey Ph et et pet feet ed pe fh ft et et et 


De eh ek ek et et et et et et et 


11 1.13 
12 1.09 
12 1.10 
13 1.11 
13 1.09 
17 1.14 
17 1.15 
17 1.16 
16 1.17 
09 1.12 
16 1.15 
13 1.15 
14 1.14 
13 1.12 
07 1.04 
10 1.33 
21 1.16 
19 1.11 
16 1.11 
16 RR 
14 1.15 
18 1.15 
18 1.13 
12 1.15 
13 1.15 
12 1.14 
05 1.08 
12 1.12 
09 1.03 
09 1.07 
15 1.16 
13 1.16 
09 1.06 
11 1.04 
09 1.08 
06 1.11 
11 1.17 
05 1.05 
06 1.09 
05 1.15 
: 1.19 
22 1.21 
17 1.21 
19 Lae 
15 1.22 
23 1.19 
18 1.16 
16 1.14 
16 1.16 
11 1.12 
14 1.11 
14 1.10 
17 1.12 
14 1.16 
15 1.16 
16 1.16 
15 1.15 
14 1.14 
17 1.18 
13 1.19 
14 es 
14 1.16 
12 1.14 
15 1.14 
11 1.17 
13 1.15 
12 1.13 
12 ae 
14 1.14 
09 1.10 
07 3.aa 


Atlanta 


tet et ek et et et et bt et 


Dee et et et et et et et et et 


tt et et et 


ee 


ss ee ee eT) 


Austin 


ee 


ss ee ee ee 
OOF OC Re ee ID 
AouwriN WS WOH -3 orl 


ee 


ree see ee 





APRIL 1963 


Chicago Spokane 
1.07 — 
1.06 1.16 
1.16 1.16 
1.12 1.20 
1.14 1.22 
1.10 | 1.24 
1.13 1.27 
1.13 1.18 
1.09 1.24 
1.14 1.17 
1.13 1.16 
1.16 1.16 
1.04 1.03 
1.13 1.23 
1.10 B.ae 
1.05 1.09 
1.12 1.19 
1.15 1.25 
1.01 1.14 
1.06 1.06 
1.18 1.05 
1.09 1.10 
1.14 1.04 
1.02 1.03 
1.01 1.10 
1.12 1.13 
1.16 1.12 
1.19 1.27 
1.10 1.24 
1.16 1.23 
1.20 1.18 
1.15 1.18 
1.14 1.14 
1.13 1.16 
1.11 1.15 
1.10 1.16 
1.12 my 
1.12 1.13 
1.10 1.16 
1.08 1.15 
1.13 1.16 
1.10 1.16 
1.13 1.16 
1.10 1.15 
1.18 1.18 
1.18 1.24 
1.15 1.16 
1.09 1.16 
1.08 1.18 
1.13 1.20 
1.14 1.14 
1.11 1.19 
1.09 1.24 
1.09 1.09 
1.09 Bey 
1.12 1.14 
1.08 1.10 
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TABLE 7.—CONCENTRATION OF POTASSIUM IN RAW MILK, AUGUST 1958 


Strontium-89, which was present in milk during 
1957-59, decreased to non-detectable levels for 
the network in 1960. Through 1962, concentra- 
tions rose at some locations to about the previously 
observed values of 1957-59, but the median values 
indicate that more stations were reporting lower 
levels in 1961-62 than in the late fifties. 

The appearance of the long-lived isotopes Sr’ 
and Cs'*’ in milk follows a very different pattern 
from the short-lived radionculides. Rapid fluctua- 


October 1963 


APRIL 1963 


[g/liter 
Month New York Cincinnati St. Louis Salt Lake City; Sacramento Atlanta Austin Chicago Spokane 
1958 
Aug 1.51 1.46 1.31 1.51 1.57 1.46 1.43 1.45 
Sep 1.37 1.42 1.38 1.45 1.54 1.45 1.44 1.46 1.49 
Oct 1.53 1.50 1.37 1.55 1.52 1.49 1.39 1.48 1.45 
Nov 1.56 1.50 1.38 1.52 1.48 1.55 1.50 1.50 1.50 
ese 1.61 1.48 1.36 1.54 1.53 1.49 1.49 1.55 1.53 
1959 
Jan 1.48 1.55 1.40 1.47 1.46 1.48 1.36 1.50 1.50 
Feb 1.55 1.42 1.36 1.51 1.46 1.42 1.43 1.46 1.45 
Mar 1.65 1.44 1.38 1.46 1.46 1.47 1.44 1.48 1.51 
Apr 1.50 1.42 1.35 1.46 1.43 1.42 1.45 1.51 1.47 
May 1.50 1.48 1.36 1.48 1.46 1.40 1.44 1.47 1.45 
Jun 1.50 1.46 1.50 1.51 1.51 1.39 1.45 1.46 1.45 
Jul - 1.37 1.34 1.45 1.45 1.33 1.44 1.45 1.43 1.44 
Aug 1.45 1.39 1.36 1.41 1.45 1.38 1.43 1.38 1.35 
Sep 1.27 1.45 1.32 1.38 1.40 1.38 1.41 1.44 1.38 
Oct 1.41 1.38 1.26 1.42 1.42 1.45 1.40 1.40 1.44 
Nov 1.51 1.40 1.28 1.39 1.41 1.38 1.42 1.41 1.41 
Dec 1.44 1.39 1.28 1.41 1.42 1.40 1.37 1.42 1.42 
1960 
Jan 1.45 1.38 1.31 1.47 1.45 1.43 1.37 1.43 1.44 
Feb 1.42 1.33 1.27 1.44 1.30 1.37 1.39 1.49 1.32 
Mar 1.46 1.27 1.33 1.54 1.37 1.34 1.28 1.42 1.42 
Apr 1.39 1.29 1.30 1.37 1.19 1.31 1.28 1.39 1.36 
May 1.43 1.20 1.20 1.21 1.27 1.18 1.26 1.27 1.20 
Jun 1.36 1.44 1.26 1.19 1.32 1.24 1.32 1.44 1.28 
Jul. 1.41 1.44 1.50 1.53 1.43 1.22 1.28 1.37 1.35 
Aug 1.42 1.49 1.43 1.36 1.35 1.46 1.53 1.37 1.44 
Sep 1.48 1.44 1.35 1.53 1.54 1.34 1.45 1.47 1.41 
Oct 1.52 1.50 1.38 1.47 1.42 1.43 1.46 1.37 
Nov 1.35 1.50 1.35 1.48 1.47 1.37 1.42 1.44 1.40 
Dee....«. 1.44 1.46 1.32 1.40 1.40 1.30 1.34 1.42 1.34 
1961 
Jan 1.43 1.40 1.44 1.39 1.47 1.49 1.42 1.45 1.40 
Feb 1.55 1.46 1.42 1.50 1.52 1.47 1.52 1.52 1.42 
Mar 1.50 1.49 1.41 1.53 1.54 1.37 1.37 1.54 1.42 
Apr 1.46 1.40 1.38 1.43 1.37 1.38 1.50 1.42 1.46 
May 1.49 1.47 1.48 1.48 1.48 1.36 1.40 1.43 1.42 
Jun 1.44 1.44 1.40 1.44 1.45 1.46 1.4 1.45 1.45 
Jul. 1.46 1.46 1.39 1.43 1.44 1.43 1.48 1.41 1.45 
Aug 1.50 1.40 1.41 1.50 1.49 1.47 1.51 1.48 1.48 
Sep 1.46 1.49 1.51 1.45 1.36 1.15 1.45 1.47 1.43 
re 1.44 1.49 1.45 1.52 1.51 1.42 1.42 1.41 1.45 
Nov 1.39 1.43 1.40 1.48 1.52 1.38 1.46 l 4 1.48 
Dec 1.53 1.50 1.39 1.46 1.48 1.46 1.46 1.48 1.49 
1962 
Jan 1.50 1.51 1.38 1.51 1.44 1.47 1.49 1.51 1.49 
Feb 1.51 1.46 1.48 1.48 1.50 1.50 1.49 1.47 1.47 
Mar 1.56 1.46 1.45 1.49 1.51 1.49 1.47 1.49 1.48 
Apr 1.70 1.51 1.46 1.50 1.52 1.47 1.44 1.54 1.53 
May 1.65 1.48 1.51 1.57 1.55 1.46 1.53 1.55 1.52 
Jun 1.57 1.44 1.46 1.55 1.54 1.51 1.49 1.52 1.51 
Jul. 1.66 1.51 1.50 1.50 1.52 1.53 1.58 1.49 1.59 
Aug 1.59 1.53 1.52 1.53 1.54 1.62 1.58 1.53 1.59 
Sep 1.52 1.54 1.54 1.63 1.60 1.54 1.60 1.55 1.56 
Oct 1.51 1.57 1.35 1.40 1.55 1.40 1.46 1.60 1.44 
Nov 1.54 1.48 1.41 1.58 1.56 1.53 1.56 1.58 1.58 
a 1.53 1.62 1.44 1.49 1.52 1.52 1 ; 1.51 1.58 
1963 
Jan 1.50 1.50 1.45 1. 4€ 1.48 1.46 1.53 1.56 1.53 
Feb 1.53 1.50 1.46 1.55 1.54 1.44 1.48 1.56 1.48 
Mar 1.51 1.49 1.46 1.53 1.47 1.42 1.49 1.57 1.48 
Apr 1.56 1.51 1.47 1.49 1.45 1.42 ] 1.49 1.54 


tion of concentrations of radionculides with a long 
half-life does not occur. Strontium-90 levels in 
milk rose, beginning in 1957, reaching a peak in 
1959. Cesium-—137 concentrations for the network 
generally did not change during these years. Both 
Sr*? and Cs'* showed decreasing trends during 
1960-61. However, in 1962 Cs'” concentrations 
in milk rose again to the levels present in the late 
fifties, while Sr*® concentrations in milk had risen 
in 1962 to levels exceeding those recorded in the 
previous high year, 1959. 
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TABLE 8.—COM PARISON 


New York 


Sacramento 
Atlanta 
Austin 
Chicago 


Spokane 


4{nalysis of Variance between Singlk 


N uclide Source 


Metho 


Sr’ Milk 


Error 
Total 


Method 


Cs!" Milk 


Error 
Tot al 


* Figures in parenthesis represent number of samples in composite. 
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TABLE 9.—COMPARISON OF STRONTIUM-90 CONCENTRATIONS IN MILK SAMPLES FROM RAW AND 
PASTEURIZED MILK NETWORKS 


Salt Lake 


New York Cincinnati St. Louis Cit) Sacramento Atlanta Austir Chicago Spokane 
Month = = 
Raw Past Raw Past Raw Past Raw Past Raw Past Raw Past Raw Pas I Pa Ra Pas 

1960 
Aug 8 8 10 9 16 6 1 4 3 13 11 ; ) 
tints aatidde te a s 8 | 15 7 f 4 f 14 l ® 
Nov 9 10 9 8 14 7 3 12 x { 

Dec x 7 7 x 14 10 11 x 4 x 

1961 

ed 4 6 8 ~ 12 6 f 3 2 15 } 

Mar 7 & » 7 13 2 5 3 4 11 4 

Apr 7 8 10 8 20 8 3 4 6 11 8 

May one 9 10 11 10 23 7 3 » 4 4 14 l 1 } “ ) 
_ aaa 9 10 10 10 23 10 4 4 13 l 5 “ l 

ae eal 6 10 7 10 14 7 3 5 2 10 1 f ~ - 
Aug ; ; 5 6 7 7 13 6 3 { 2 { 10 2 ‘ 12 
Sep a ; 4 10 6 10 12 10 3 1 6 . } 3 ‘ 6 
Oct 5 » 6 6 11 11 4 7 1 a 12 12 ; { ) ] 6 
Nov Se 6 8 8 sS) 17 10 4 4 2 4 14 l 4 { 6 6 
| es 7 9 9 10 14 a 4 5 2 3 1] 12 65 6 ‘ 

1962 | | 
Jan oN 7 12 tat 10 15 7 3 2 13 ll 4 { f f ] 
Feb sa hate 7 8 8 11 19 7 3 4 2 3 22 15 4 6 : f 
Mar ae 6 ~ 10 10 28 ~ { 3 ) 4 18 14 f ; ™ 6 s | 
Apr 7 14 9 19 46 14 3 7 5 30 2 ) 12 7 16 | 
Jun 16 14 19 19 39 23 x 14 f 23 2 . { l 16 18 j 
Jul_. biaes 15 15 19 14 30 19 12 12 4 20 22 f 12 12 lf l : 
Aug . wae 18 14 17 14 32 16 12 13 2 20 18 l 14 15 14 ; 
Sep 16 20 14 12 29 12 10 10 4 2 22 l l 15 i4 12 : 
Oct 5 ; 19 23 16 13 46 16 10 10 4 2 19 18 14 14 16 15 \ 
Nov iauauiea 16 16 19 20 41 12 13 12 ‘ ‘ 16 { 13 18 14 Z 
CER ee 14 11 17 14 39 14 15 10 6 4 1 ] 9 17 17 ' 
Statistical data 

*t’ *—2.62 0.27 b7.44 2.08 0.81 4.87 ).64 33 0.40 
Correlation 
coefficient 0.80 0.76 0.74 0.80 0.30 0.23 p 0.73 
* Significant at a = 0.05 
> Significant at a = 0.01 
a i a Rene He wee eae T T ih aoe T l 7 
300 + o—o FREQUENT SAMPLES = 
| & ~o AVERAGE OF FREQUENT 
| O—9 SINGLE MONTHLY 
250 . * 
~~ 
3 
= 
~~ 
& | J 
2 \ 
: , 
ra \ 5 
= 
o \ 
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FIGURE 2.—INFLUENCE OF THE SAMPLING FREQUENCY ON THE OBSERVED IODINE-131 
CONCENTRATIONS IN MILK (CINCINNATI, OHIO STATION 
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FIGURE 3.—-PROFILE OF YEARLY AVERAGE 
CESIUM-137 CONCENTRATIONS IN MILK 
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FIGURE 4.—PROFILE OF YEARLY AVERAGE 
STRONTIUM-90 CONCENTRATIONS IN MILK 


TABLE 10.—MAXIMUM VALUE, MEDIAN VALUE, AND MINIMUM VALUE OF THE MONTHLY 
RADIONUCLIDE AVERAGES FROM THE RAW MILK NETWORK, 1957-1962 


[pe/liter] 


Iodine-131 Barium-140 


Strontium-89 Strontium-90 Cesium-137 











Year 
Max. Median | Min. Max. | Mediar. | Min. Max. | Median | Min. Max. | Median’ Min. Max. | Median | Min. 
19574 990 205 <10 530 45 <10 360 85 15 12.9 §.3 1.5 155 45 20 
1958 625 20 <10 230 <10 <10 485 60 <5 20.1 7.0 1.4 90 45 15 
1959 20 <10 <10 14 <10 <10 280 10 <5 37.3 9.3 1.0 160 45 5 
1960 <10 <10 <10 <10 <10 <10 <5 <5 <5 23.4 9.0 | 65 20 5 
1961 330 <10 <10 75 <10 <10 170 <5 <5 23.0 6.4 1.0 35 15 <5 
1962 535 <10 <10 165 <10 <10 335 25 <5 45.6 13.6 1.6 180 45 <5 


* Six months data. 


Summary 


The raw milk sampling program, consisting of 
nine sampling stations located at New York City, 
Cincinnati, St. Louis, Sacramento, Salt Lake City, 
Atlanta, Austin, Chicago and Spokane has been in 
operation since 1957-58. Monthly milk samples 


t 
bh 
bho 


from the milkshed serving these cities were ana- 
lyzed for calctum and potassium content, I, 
Ba!*°, Cs'87, Sr8* and Sr*°. These milk samples 
thus collected represent 1 or 2 days of production 
rather than a composite of all the milk produced 
from one sampling period to the next. 
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This sampling procedure has proved satisfactory 
for Sr*° and Cs!" and unsatisfactory for I'*!, Ba!4° 
and Sr**, which was confirmed during October- 
November 1961 when the frequency of sampling 
was increased in all the nine locations. Analysis of 
single monthly samples and composites of daily 
milks showed no significant differences for Sr® and 
Cs'*7, Extension of this study in the Cincinnati 
area to a period of relatively rapid change (April to 
September 1962) of Sr® in milk showed also that 
results between composited and single monthly 
samples are comparable within 25-50 per cent. 
However, during periods of rapid change in Sr™, 
the time of collection of singlemonthlysamples be- 
comes important. Samples collected either at the 
beginning or end of the month may vary in Sr? 
concentration by as much as 25 to 75 per cent. 

In contrast to Sr* and Cs", single monthly 
observations made for I'*, Ba'#° and Sr** do not 
represent the actual level during the intervening 
period and suggests daily sampling to obtain 
accurate estimates. 

The Sr*® concentrations of milk samples from 
the raw milk and pasteurized milk networks 
serving the nine cities were compared over a period 
of 26 months. Statistical analysis of the data 
indicated good correlation between the raw and 
pasteurized milks except for those from Sacra- 
mento. This is possibly due to low Sr® levels in 
the Sacramento area which showed relatively 
little change with time and errors involved in 
determining low levels of Sr®. Based on a paired 
‘t’ test it is suggested that except for St. Louis and 
Atlanta, the Sr*® results from the raw milk net- 
work may be used in place of pasteurized milk for 


October 1963 


the time period not covered by the pasteurized 
milk network. 

Profiles of yearly average Sr® and Cs "? concen- 
trations in raw milk are presented to show the 
similiarity among the widely separated geographi- 
cal areas in the trend of concentrations of these 
fission products in milk. 
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SECTION IIL.—WATER 


Radioactivity in Raw Surface Waters 


NATIONAL WATER QUALITY NETWORK 
April 1963 


Division of Water Supply and Pollution Control, Public Health Service 


Levels of radioactivity in surface waters of the 
United States have been under surveillance by the 
Public Health Service National Water Quality 
Network since its initiation in 1957. Beginning 
with the establishment of 50 sampling points, this 
Network has expanded to 126 stations as of August 
1963 (figure 1), operated jointly with State, 
Federal and local agencies and industry. Surface 
waters of all major river basins of the United States 
are sampled and analyzed physically, chemically, 


biologically and radiologically. These data can be 
used for evaluating sources of radioactivity which 
may effect domestic, commercial, and recreational 
uses of surface water. Further, the Network 
provides background information necessary for 
recognizing pollution and water quality trends 
and for determining levels of radioactivity to which 
the population may be subjected. Data assembled 
through the Network are published in an annual 
compilation (1-6). 
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FIGURE 1.—TOTAL BETA ACTIVITY (pe/liter) INSURFACE WATER AT NATIONAL 


WATER QUALITY NETWORK STATIONS, APRIL 1963 
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TABLE 1.—RADIOACTIVITY IN RAW SURFACE WATERS,* APRIL 1963 


Station 


Allegheny River: 
Pittsburgh, Pa____- 
Animas River: Cedar 
Hill, N. Mex.-__-_- 
Apalachicola River: 
Chattahoochee, Fla- 
Arkansas River 
Coolidge, Kans__-_-_. 
Ponca City, Okla__- 
Fort Smith, Ark-_-- 
Big Sioux River: 
Scan Falls, S. Dak - 
Chattahooche River 
Atlanta, Ga__.._- 
Columbus, Ga 
Lanett, Ala......- 
Clearwater River: 
Lewiston, Idaho-_. 
Clinch River 
Clinton, Tenn____- 
Kingston, Tenn ___- 
Colorado River 
Loma, Colo__.- 
SS 
Boulder City, Nev - 
Parker Dam, Calif- 


Yuma, Ariz_- 
Columbia River 
Northport, Wash_--_ 
Wenatchee, Wash - - 
Pasco, Wash___-__- 
McNary Dam, Ore - 
Bonneville, Ore - 
Clatskanie, Ore _ - - 
Cumberland River: 
Clarksville, Tenn 
Connecticut River 
[ §) aa 
Northfield, Mass - - 
Cuyahoga River: 
leveland, Ohio-__-_- 
Delaware River 
Martins Creek, Pa - 
Trenton, New Jersey 
Philadelphia, Pa -- 
Escambia River: 
Century, Florida - - 
Great Lakes 
Duluth, Minn 
Sault Ste. Marie, 
i 
Milwaukee, Wisc--- 
J a 
Port Huron, Mich 
Detroit, Mich__-_-_-- 
Buffalo, New York - 
ae River: Peoria, 


field Dam, W. Va 
Klamath River: Keno, 
Gree... ... 
Maumee River: 
Toledo, Ohio-.- 
Merrimack River: 
Lowell, Mass. - - 
Mississippi River 
St. Paul, Minn , 
Dubuque, Iowa - - . 
Burlington, Iowa_. 
E. St. Louis, Ill 
Cape Girardeau, Mo 
W. Memphis, Ark 
Vicksburg, Miss 
ae 
New Orleans, La 
Missouri River 
Williston, N. Dak _. 
Bismarck, N. Dak-.- 
Yankton, S. Dak_- 
Omaha, Nebr. 


* These data are preliminary; reanalysis of some samples may be made and additional analysis not completed at t 
For final data, one should consult the Network’s Annual Compilation of Data 
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Total 
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cooOonNNeh 


Alpha activity 


Total 


13 


{Average concentrations in pc/liter] 


Station 


Missouri River—Cont. 
St. Joseph, Mo 
Kansas City, Kans 
Missouri City, Mo 
St. Louis, Mo 

Monongahela River: 
Pittsburgh, Pa 

North Platte River: 
Henry, Nebr 

Ohio River 
Addison, Ohio 
Huntington, W. Va 
Cincinnati, Ohio 
Louisville, Ky 
Evansville, Ind 
Cairo, Ill 

Ouchita River: 
Bastrop, La 

Pend Oreille River: 
Albeni Falls Dam, 

Idaho , 

Platte River: 
Plattsmouth, Nebr 

Potomac River 
Williamsport, Md- - 
Great Falls, Md 

Rainy River: Interna- 

tional Fils, Minn 

Red River, South 
Denison, Tex 
Alexandria, La 

Rio Grande River 
Alamosa, Colo 
El Paso, Tex 
Laredo, Tex 
Brownsville, Tex... 

Roanoke River: John 

H. Kerr Resr. & 


Dam, Va - 
Sabine River: Ruliff, 
ex . 


San Joaquin River: 
Vernalis, Calif - - - 
San Juan River: 
Shiprock, N. Mex 
St. Lawrence River: 
Massena, N. Y 
Schuylkill River: 
Philadelphia, Pa 
Savannah River 
North Augusta, Ga 
Port Wentworth, Ga 
Ship Creek: 
Anchorage, Alaska 
Snake River 
Ice Harbor Dam, 


Was 
Wawawai, Wash 
Payette, Idaho 
South Platte River: 
Julesburg, Colo 
Susquehanna River 
Sayre, Pa 
Conowingo, Md 
Tennessee River 
Lenoir City, Tenn 
Chattanooga, Tenn 
Bridgeport, Ala 
Truckee River: 
Farad, Calif 
Wabash River: New 
Harmony, Ind 
Willamette River: 
Portland, Oreg 
Yakima River: 
Richland, Wash 
Yellowstone River: 
Sidney, Mont 


Maximum 
Minimum 


6). 


Sus- 


Dis- 


pended solved 


& hoe POPS 
~ “I~ fo 


Nm orc 


Beta activity 


Continued 


Total 


Alpha activity 


Sus- 


pe nde d 


of the 


Dis- 

solved Total 
2 18 
) 11 
l 1 
) if) 
) l 
0 1 
v t) 
l 3 
<i1 ' 
1 1 
0 0 
4 10 
0 0 
) 1 
0 0 
1 3 
4 5 
0 1 
0 2 
) tj 
0 l 
4 10 
) 0 
0 0 
0 l 
0 0 
0 0 
0 0 
22 23 
0 0 
0 0 
1 l 
2 3 
0 0 
0 0 
l 2 
0 0 
l l 
3 16 
27 28 
0 0 


report may become 











A one-liter ‘“‘grab’’ sample is collected weekly by 
personnel of the participating agencies and shipped 
to the PHS Robert A. Taft Sanitary Engineering 
Center Laboratory in Cincinnati for analysis. 
Determinations of gross alpha and gross beta 
radioactivity in the suspended and dissolved solids 
and of strontium—90 activity in the total solids 
are carried out on frequency schedules based on 
need. 

Gross beta activity in each weekly sample was 
determined until essentially background levels 
were reached in January 1960. Thereafter, gross 
beta determinations were made on monthly com- 
posites of the weekly samples received from all 
stations, except those located downstream from 
known potential sources of radioactive waste and 
those from all newly established Network stations. 
(Weekly alpha and beta measurements are sched- 
uled routinely during the first year of operation at 
newly established stations.) On September 1, 
1961, weekly determinations of gross beta activity 
again were instituted to permit rapid evaluation 
of fallout effects from renewed weapons testing. 
This practice was continued until the end of Octo- 
ber 1962, when samples for gross beta analysis were 
again composited monthly. Gross alpha deter- 
minations were made once monthly except where 
variable or high values observed during the first 
year indicated the need for more frequent measure- 
ment. 

Normally, samples are counted at the Network 
laboratory within two weeks following collection 
or within one week after compositing. The decay 
of activity is followed on each sample that shows 
unusually high activity during the first analysis. 
Also, if a recount indicates that the original anal- 
ysis was questionable, values based on recounting 
are recorded. All results are reported for the time 
of counting and are not corrected by extrapolation 
to the time of collection. 

The analytical method used for determining 
gross alpha and beta radioactivity is described in 
the eleventh edition of “Standard Methods for the 
Examination of Water and Wastewater” (7). 
Suspended and dissolved solids are separated by 
passing the sample through a membrane filter 
(type HA) with a pore size of 0.45 microns. 
Planchets are then prepared for counting the 
dissolved solids (in the filtrate) and the suspended 
solids (on the charred membrane filter) in an 
internal proportional counter. Reference sources 
of U;0,, which give a known count rate if the 
instrument is in proper calibration, are used for 
daily checking of the counters. 
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Since the fourth quarter of 1958, strontium-90 
analyses have been made on three-month com- 
posites of aliquots from weekly samples. Until 
the fourth quarter of 1961, the method used for 
determining strontium-90 was that described in 
the aforementioned reference (7). Tributylphos- 
phate was used to extract ingrown yttrium-90 
from the purified, coprecipitated strontium-—90. 
Since that time, a modification of a procedure 
described by Harley has been used (8). The 
yttrium-—90, together with an yttrium carrier, is 
precipitated at pH 8.5; the precipitate is washed, 
redissolved, and reprecipitated as yttrium oxalate 
and the latter is washed and counted in a low- 
background, anticoincidence, end-window pro- 
portional counter. 

Table 1 presents April 1963 results of alpha and 
beta analyses of U.S. raw surface waters. These 
data are preliminary; reanalysis of some samples 
may be made and additional analyses, not com- 
pleted at the time of this report, may become 
available. For final data one should consult the 
Network’s Annual Compilation of Data (6). The 
figures for gross alpha and gross beta radioactivity 
represent either determinations made on composite 
samples or means of weekly determinations where 
composites were not made. 

In order to obtain a geographical perspective of 
the radioactivity in surface water, the numbers 
alongside the various stations in figure 1 give the 
total beta activity in suspended-plus-dissolved- 
solids in raw water collected at that station. 
Network results for the years 1957-1962 have been 
summarized by Weaver et al (9). 


REFERENCES 


(1) Division of Water Supply and Pollution Control, Public 
Health Service: National Water Quality Network Annual 
Compilation of Data, PHS Publication No. 663, 1958 
Edition, Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C. 

(2) Ibid., 1959 Edition. 

(3) Ibid., 1960 Edition. 

(4) Ibid., 1961 Edition. 

(5) Ibid., 1962 Edition (in press). 

(6) Ibid., 1963 Edition (to be published). 

(7) American Public Health Association, American Water 
Works Association and Water Pollution Control Federa- 
tion: Standard Methods for the Examination of Water and 
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in Surface Waters of the United States, 1957-1962, 
Radiological Health Data, 4:306-16, Superintendent of 
Documents, Government Printing Office, Washington 25, 
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SECTION IV.—OTHER DATA 


In Vitro Measurement of Iodine-131 in Bovine Thyroids 


Kenneth H. Falter,' George Murray,? Jesse P. Walker,’ and Arthur H. Wolff 


This program was undertaken to supplement 
existing environmental radiation surveillance data 
by collecting and analyzing bovine thyroids for 
iodine-131. lodine-131 concentrations in bovine 
thyroids reflect the levels of contamination that 
exist on the pasture in which the animal grazed or 
in its feed. Should a rise in environmental iodine 
131 levels occur, this study will help to delineate 
the specific milksheds, counties, and farms at 
which the rise has taken place. 

When enough data are available an attempt will 
be made to develop a mathematical model relating 
iodine-131 concentrations in the bovine thyroid to 
iodine-131 concentrations in milk. It might then 
be possible to retrospectively estimate I!* levels in 
milk for that period, 1952-1957, when bovine 
thyroids were analyzed for I’ but milk was not. 


‘Mr. Falter is Project Officer, Bovine Thyroid Study, 
Research Branch, Division of Radiological Health, Public 
Health Service, U.S. Department of Health, Education and 
Welfare, Washington 25, D.C. 

? Dr. Murray is Staff Officer for Procedures and Require- 
ments, Meat Inspection Division, Agricultural Research 
ee U.S. Department of Agriculture, Washington 25, 

3 Mr. Walker is a Radiochemist, Beltsville Project, Re- 
search Branch, Division of Radiological Health, Public 
Health Service, U.S. Department of Health, Education and 
Welfare, Washington 25, D.C. 

‘Dr. Wolff is Chief, Research Branch, Division of Radio- 
logical Health, Public Health Service, U.S. Department of 
Health, Education and Welfare, Washington 25, D.C. 
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Previous studies have demonstrated a rise in 
iodine-131 levels in animal thyroid glands follow- 
ing nuclear weapons tests (/-6), and it has been 
suggested that continuous monitoring of thyroid 
glands from slaughter cattle will provide a good 
index of the biological concentration of air-borne 
radioactive fallout (7). It has also been stated 
that the magnitude and pattern with time of 
radioactivity levels in the thyroid are of interest 
because (i) there is provided an alert to any build- 
up of potentially hazardous levels, (ii) as relation- 
ships are developed, radioiodine measurements 
could serve as a sensitive monitoring system for 
other fallout nuclides less easily detectable, and 
(iii) information may be obtained on the movement 
of radioiodine in the biological system. (2) 


Background 


This program, conducted by the Division of 
Radiological Health, Public Health Service, in 
cooperation with the Meat Inspection Division, 
U.S. Department of Agriculture, began in Septem- 
ber 1962 on a pilot scale. Des Moines, Iowa and 
Salt Lake City, Utah were selected as the initial 
collection points. In October 1962, Seattle, 
Washington was added as the third collection 
point. By the end of January 1963, the methods 
of collection and analysis for I'*' in the bovine 
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thyroid were established and the program became 
operational. 

Specimens are collected from those dairy cows 
coming to slaughter which are either brucellosis or 
tuberculosis reactors. A history of each animal is 
readily available at the time of slaughter. Accord- 
ing to regulation, once a cow is identified as having 
brucellosis or tuberculosis, it must be slaughtered 
within ten days; in many instances, slaughter 
actually takes place within two or three days. 
The time factor is important, as the effective half- 
life of I'* in the cow’s thyroid is about seven days. 
(4) 

In April 1963, the collection program was ex- 
panded to include those areas where cows are on 
pasture all year and where many brucellosis and 
tuberculosis reactors come to slaughter. Collec- 
tion points were added at Montgomery, Alabama; 
Atlanta, Georgia; New Orleans, Louisiana; Jack- 
son, Mississippi; Oklahoma City, Oklahoma; and 
Dallas-Fort Worth, Texas. 


Sample Collection 


Locations which are in the Public Health Service 
pasteurized milk network are selected as collection 
points in order to obtain comparable data for ['*! 
in milk and in bovine thyroids. Milksheds have 
been identified by county from data collected by 
the Division of Environmental Engineering and 
Food Protection, USPHS. Those milksheds of par- 
ticular interest are identified, and the Meat In- 
spection Division, Agricultural Research Service, 
USDA, is then notified. Meat inspectors in the 
areas of interest are asked to collect thyroid speci- 
mens from brucellosis and tuberculosis reactors 
coming to slaughter in their area, and to provide, 
with each sample, information giving the county 
of origin of the animal, age of the cow, weight and 
or breed, date of slaughter and whether or not the 
cow was lactating at the time of slaughter. 

Glass vials containing a small quantity of para- 
formaldehyde are supplied to the collectors. Each 
specimen is placed in a vial and an information tag 
is filled out. The specimens are then mailed to 
the counting facility at Beltsville, Maryland where 
they are handled by Division of Radiological 
Health personnel assigned to the Beltsville facility. 
The thyroids are counted for I activity, deter- 
mined from the 0.36 Mev gamma emission, on one 
of two single-channel gamma spectrometers, using 
a scintillation well detector containing a three- 
inch diameter Nal (T1) crystal. Each counter has 
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an automatic sample changer which handles 50 
samples at a time. The glass collection vials are 
compatible with this system, so that when speci- 
mens are received, the vials are attached to the 
sample changer and the specimens are counted 
automatically. A system such as this provides for 
constant geometry of each glass vial in the well of 
the crystal, and also minimizes the possibility of 
samples getting mixed up in handling. 

In these gamma spectrometers the efficiency of 
counting varies with the volume of the sample in 
the glass vial, and the spectrometers have, there- 
fore, been calibrated for graduated volumes rang- 
ing from 1 ml to 25 ml, the capacity of the vial. 
For these volumes, the counting efficiency ranges 
from 15 to 25 percent. Before each vial is placed 
on the sample changer, the volume of the thyroid 
in the vial is measured, so that the applicable 
counting efficiency is applied to each specimen. 
The thyroids are then weighed, and the activity 
calculated in picocuries of I'*! per gram of thyroid, 
corrected to 12:00 noon of the day of slaughter. 


Discussion of Data 


Between January 20 and June 29, 1963, 760 
thyroid specimens were collected and analyzed for 
iodine-131 activity. Of these, 427 were from cows 
which were lactating at the time of slaughter and 
333 were from nonlactating cows. A cow is con- 
sidered to be either from a milkshed area or a non- 
milkshed area, depending on whether or not it 
grazed in a county which is in one of the milkshed 
areas of the PHS pasteurized milk network. The 
counties from which samples have been received 
are indicated in figure 1. Those counties in black 
are in one of the 18 milksheds and those shaded in 
lie outside the milkshed areas. 

The data for all samples collected between 
January 20 and June 29 are summarized and 
tabulated in table 1. The data have been classi- 
fied according to four groupings: milkshed and 
non-milkshed areas, and lactating and nonlactat- 
ing cows. The weekly average is the arithmetic 
mean for the given number of thyroids from cows 
slaughtered that week. The minimum and maxi- 
mum values for the week are also shown, along 
with their two sigma (2c) or 95% counting error. 
This counting error is an indication of the inherent 
statistical variation associated with all measure- 
ments of radionuclide concentrations. The con- 
centration +95% C.E. is the range within which 
the true concentration is expected to fall 95 percent 
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TABLE 1.—IODINE-131 IN BOVINE THYROIDS, 1963—Continued 


[pe/g of thyroid] 


Lactating Nonlactating 
Mini- 95% Maxi- 95% Mini- 95 Maxi- 95 
Average mum C.E. mum C.E. Number Average mum C.E mur C.E Number 
Louisiana 
New Orleans 
Week of 4/28 0.8 0.5 a 8 1.4 0.8 3 0.6 0.0 3.4 1.2 1.0 2 
6/2 Bae 1 .¢ 0.6 1.3 1.2 3 
6/16 0.2 0.{ 1.0 0.5 0.4 2 
6/23 0.3 0.2 0.6 0.4 0.8 3 
Non-Milkshed 
Week of 4/21 3.0 1.9 12.4 5.0 1.0 § 3.7 0.3 1.0 l 0.8 7 
4/28 0.6 0.0 5.1 3.4 1.1 4 0.2 0.0 3.8 3 7.3 2 
5/5 2.4 2.0 1.0 2.9 1.0 4 2.0 1.1 0.9 6 0.8 4 
5/12 6.5 4.6 2.6 iP 5.4 3 0.7 0.7 3.4 7 3.9 2 
5/19 Fe 0.6 0.8 1.5 0.9 8 0.8 6.9 0.6 0.8 0.7 2 
5/26 1.1 0.9 0.8 1.6 1.3 4 1.2 0.9 0.9 1.4 0.9 3 
6/2 in 0.7 0.5 oa 1.0 6 
69 0.8 0.5 “0.6 0 0.7 3 0.7 0.4 0.5 0.9 0.6 ? 
6/16 0.8 0.7 0.7 0.9 0.8 2 0.7 0.6 0.6 0.8 0.6 J 
6/23 0.7 0. “0.7 2.1 0.7 4 0.7 0.2 0.4 1.2 1.4 2 
Mississippi 
Jackson 
Week of 4/28 0.8 0.5 “0.8 1.4 0.8 3 1.2 1.2 1.0 1.2 1.0 l 
5/26 1.0 0.6 0.7 1.5 1.2 9 0.8 0.8 0.8 0.9 0.7 ; 
6/2 aed 1.0 0.6 1.3 1.2 3 
6/16 0.5 0.0 41.0 0.9 0.6 3 0.5 0.5 0.6 0.5 0.6 1 
6/23 0.5 0.2 20.6 1.0 0.6 6 0.0 0.0 1.2 0.0 1.2 l 
Non-Milkshed 
Week of 4/21 4.1 3.9 0.8 4.4 0.9 2 3.8 3.8 Bue +.8 1.2 l 
4/28 1.4 1.0 0.8 1.8 0.7 4 1.7 con 0.9 | 0.9 l 
5/5 1.8 ao 0.6 2.4 0.8 2 
5/12 0.2 0.2 1.4 0.2 1.4 1 
5/26 0.8 0.8 1.0 0.8 11.0 1 
6/2 0.8 0.8 0.8 0.8 “0.8 1 
6/16 1.0 1.0 0.9 1.0 0.9 1 
6/23 0.2 0.1 a0) .6 0 1.0 2 
Missouri 
Kansas City 
Week of 1/20 14.8 14.8 8.9 14.8 8.9 1 85.2 61.0 17.2 109.3 24.9 2 
1/27 52.3 52.3 12.9 52.3 12.9 1 144.4 107 .3 2.9 168 .& 32.7 3 
2/3 119.0 119.0 2.3 119.0 2.3 1 
2/10 43.2 43.2 4.6 43.2 4.6 1 65.7 65.7 6.4 65 6.4 1 
2/17 0.0 0.0 «41.6 0.0 "41.6 1 98.4 37.4 8.5 159.5 12.8 2 
3/10 39.9 39.9 4.2 39.9 4.2 l 
3/17 6.4 4.6 1.9 8.1 , Fe 2 17.6 2.6 1.4 41.3 4.5 ) 
3/24 6.4 6.4 2.0 6.4 2.0 1 8.0 2.6 Ls 18.1 3 
3/31 0.0 0.0 11.4 0.0 21.4 1 0.8 0 21.6 > 5 1.8 ; 
4/7 13.6 7.8 0.9 24.9 2.2 3 
4/28 By 0.7 0.6 3.6 1.2 8 3.1 3.1 1.1 3.1 1.1 l 
5/26 1.6 1.0 0.7 1.9 0.7 4 1.9 1.9 0.8 1.9 0.8 1 
6/2 2.3 2.3 0.4 2.3 0.4 1 1.3 3 0.3 ie 0.3 1 
6/9 Bae 1.0 0.7 1.2 0.6 2 
6/16 0.6 0.6 91.5 0.7 “1.8 2 
6/23 0.4 0.3 a0 .6 0.6 01.6 2 
St. Louis 
Week of 3/24 6.4 6.4 2.0 6.4 2.0 3.4 3.4 1.3 3.4 1.3 l 
5/26 7.5 7.6 3.8 7.5 3.8 
Non-M ilkshed 
Week of 4/7 3 : 1.0 3.4 1.0 l 3.7 3.7 0.8 3.7 0.8 1 
5/26 0.8 0.8 0.7 0.9 0.9 2 
Oklahoma 
Oklahoma City 
Week of 4/14 2.0 0.6 a1.1 3.2 1.1 7 2.5 2.4 0.9 > ¢ 0.9 2 
4/21 0.9 0.3 a) 4 1.5 0.5 4 1.6 1.6 0 ¢ 1.¢ 06 l 
4/28 2.4 2.4 1.0 2.4 1.0 1 
5/5 2.8 0.9 0.5 6.2 1.6 4 2.3 2.1 0.f 2.4 1.4 2 
5/12 0.4 0.0 “1.3 0.8 «1.2 5 
5/19 0.8 0.4 “0.6 1.5 1.4 9 0.5 0.2 af) 0.8 0.7 4 
5/26 1.2 0.6 0.5 1.6 0.9 5 1.4 1.2 0.7 ee 0.6 4 
6/2 1.1 0.8 «0.8 2.0 1.1 6 1.2 1.2 0.6 1.2 0.6 1 
6/9 1.8 0.6 20.7 4.2 1.7 12 0.9 0.6 a 8 1.2 0.8 2 
6/16 0.8 0.8 0.4 0.9 0.3 2 
6/23 0.4 0.0 “1.5 0.8 a3 .0 2 
Non-Milkshed 
Week of 5/5 1.8 1.8 01.8 1.8 61.8 1 0.9 0.6 a) 6 1.2 0.7 3 
5/19 0.8 0.6 0.5 1.0 0.5 5 0.6 0.3 a) 6 0.8 0.6 ‘ 
5/26 0.5 0.5 a0) .7 0.5 a0 .7 1 
6/2 1.1 1.0 0.7 1.3 1.0 3 
6/9 1.3 0.2 a1 2 3.4 1.8 5 0.7 0.4 a 8 1.0 0.9 6 
6/16 1.0 0.6 0.4 1.3 0.6 3 
6/23 1.7 1.3 a2 .5 2.1 92.6 2 
Tennessee 
Memphis 
Week of 4/21 2.8 2.8 1.8 2.8 1.8 1 


* Indicates that the 95 percent counting error is equal to or greater than the value itself. 
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TABLE 1.—IODINE-131 IN BOVINE THYROIDS, 1963—Continued 


[pe/g of thyroid] 


Lactating 
Mini- 95 Maxi 95 
Average mum C.E mum C.E 
Texas 
Austin 
Week of 4/14 2.6 1.0 0.8 5.1 
5/5 ..7 1.0 0.7 2.7 
Dallas 
Week of 4/14 2.2 2.2 1.0 3.2 1 
4/28 1.6 F . 1.1 2.3 1 
5/12 0.0 0.0 a7 .3 0.1 a4 
5/19 0.7 0.0 “1.9 1.6 a2 
5/26 1.0 0.3 61.3 1.6 a2 
6/2 
6/9 1.1 0.3 a9 8 2.5 1 
6/16 ;.3 0.9 0.6 1.3 0 
6/23 0.2 0.0 a0 .7 0.4 a3 
Non-Milkshed 
Week of 4/14 2.3 0.9 61.3 8.3 1 
4/21 3.8 0.5 80.5 5 1 
5/19 0.4 0.2 20.4 0.7 | 
5/26 :.7 1.7 ee i. 1 
Utah 
Salt Lake City 
Week of 1/20 
1/27 6.0 6.0 “7.4 6.0 . 
2/3 13.0 13.0 3.3 13.0 
2/11 8.2 8.2 1.8 8.2 
2/17 6.5 6.5 es 6.5 
2/24 
3/3 1.4 Sum «2.0 1.6 a2 
3/31 0.4 0.4 41.8 0.4 op | 
4/14 0.7 0.7 *1.1 0.7 al 
4/28 0.0 0.0 60.6 0.0 a0 
5/5 0.4 0.4 80.5 0.4 a() 
5/12 
5/19 0.0 0.0 60.7 0.0 a0) 
5/26 1.2 0.3 20.4 1.7 0 
6/16 0.5 0.5 0.3 0.5 
Non-Milkshed 
Week of 3/24 0.1 0.1 20.4 0.1 a0 
3/31 
4/7 
4/28 0.4 0.4 *0.4 0.5 a0 
5/5 
5/26 1.2 can 0.7 1.2 0 
6/9 1.0 1.0 0.7 1.1 
Washington 
Seattle 
Week of 1/13 0.0 0.0 00.4 0.0 a0 
3/% 
3/24 
4/14 0.2 0.2 20.6 0.2 a0. 
5/12 0.0 0.0 a1 2 0.0 > | 
Non-Milkshed 
Week of 2/3 0.0 0.0 93.6 0.0 93 


Wyoming 
Laramie 


Week of 1/20 


* Indicates that the 95 percent counting error is equal to or greater than 


of the time. Counting errors greater than or equal 
to the maximum or minimum value are indicated. 

Weekly averages for selected areas have been 
graphically illustrated in figures 2-7. The solid 
line connects the averages for lactating cows and 
the dotted line connects the averages for nonlactat- 
ing cows. The best estimate of the lower limit of 
detectability is one picocurie of I'* per gram of 
thyroid. This value has been determined for the 
smallest samples received which weighed about 3 g. 
For larger samples, the lower limit of detectability 
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Ore Com OO Ce 


wo-? 


Nonlactating 





Mini- 95% Maxi- 95% 
Number Average mum ».E. mum C.E. Number 
>.0 5.0 1.2 5.0 1.2 1 
1 
3 1.6 1.4 *1.4 ia 1.3 2 
4 
4 0.3 0.3 91.2 0.3 91.2 1 
4 0.6 0.6 90.7 0.6 50.7 1 
0.7 0.7 60.8 7 0.7 2 
0 
3 £2 1.0 41.1 1.3 1.0 2 
4 
3 5.4 3.7 1.2 ie 2 1.0 2 
10 4.0 1.6 0.6 4.1 1.3 5 
Zee 1.0 0.6 3.2 1.2 2 
2 0.1 0.1 60.1 0.1 a0 .1 1 
1 j 
37.6 37.6 11.2 37 .6 11.2 1 
1 
1 18.7 18.7 6.2 18.7 6.2 
1 
1 27.4 15.5 2.1 39.2 4.1 2 
7.1 aon 3.3 7.1 3.3 1 
- 2 0.0 0.0 92.1 0.0 92.2 2 
1 
1 
1 
1 
0.4 0.4 a0.4 0.4 0.4 1 
1 
4 ee 0.9 0.8 1.32 1.7 2 
1 
1 
13.1 13.1 1.5 13.1 1.5 1 
Bee 1.1 *1.1 ces *1.1 1 
2 
2.1 3.1 0.7 2.1 0.4 2 
1 
2 
1 
0 0.0 02.3 2 92.4 3 
2.0 2.0 0.8 2.0 0.8 1 
1 
1 
1 15.4 Bae “4.0 29.0 8.3 2 
4.4 4.4 a7 .3 4.4 87.3 1 


the value itself. 


is less than 1.0 pe/g, but for uniformity of report- 
ing, the 1.0 level will be used throughout. Weekly 
averages below this level are indicated. 

The highest thyroid levels in this study were 
recorded during January and February 1963, 
when 15 specimens had I'*! concentrations exceed- 
ing 100 pe/g, including three specimens having 
levels of 201.9, 240.1 and 378.3 pe/g. All of these 
thyroids were taken from cows in the Des Moines, 
Iowa or Kansas City, Missouri milksheds. The 
thyroid containing 201.9 pe/g of I'** came from a 
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FIGURE 2.—WEEKLY AVERAGE IODINE-131 CON- 
CENTRATION IN BOVINE THYROIDS FROM 
THE DES MOINES MILKSHED 


cow which was lactating at the time of slaughter; 
the other 14 were all from nonlactating cows. 
These represent one-third of the specimens from 
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FIGURE 3.—WEEKLY AVERAGE IODINE-131 CON- 


CENTRATION IN BOVINE THYROIDS FROM 
THE KANSAS CITY MILKSHED 


October 1963 


nonlactating cows received from these areas 
during January and February. A weekly average 
(for three thyroids) of 144.4 pe g was recorded for 
Kansas City for the week of January 27. 

Since April 1, all weekly averages but one have 
been below 10.0 pe g. The exception is the Kansas 
City milkshed during the week of April 7 where 
the average (three thyroid specimens) reached 
13.6 peg. 
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FIGURE 4.—WEEKLY AVERAGE IODINE-131 CON- 
CENTRATION IN BOVINE THYROIDS FROM 
THE SALT LAKE CITY MILKSHED 


Since May 1, all weekly milkshed averages but 
one have been below 3.0 pe g. The exception is 
the St. Louis, Missouri milkshed during the week of 
May 26 with a value of 7.5 pe g (one thyroid 
specimen). 
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FIGURE 5.—WEEKLY AVERAGE IODINE-131 CON- 
CENTRATION IN BOVINE THYROIDS FROM 
THE MONTGOMERY MILKSHED 


For levels of activity above 10.0 pe /g, the weekly 
averages for nonlactating cows were higher than 
the averages for lactating cows, with one exception 
—Des Moines, Iowa during the week of January 20. 
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An interesting point is the ratio of maximum to 


minimum values for a given week. In previous 
studies, ratios as high as 10:1 (1-4) and 30:1 (5) 
have been reported for cows slaughtered on the 
same day. Values reported in this study are for 
specimens collected over one week’s time, and for 
comparability with the studies cited, ratios may 
have to be reduced by a factor of two due to 
radioactive decay. The highest ratios have been 
for thyroids from the Des Moinesarea. They are 
160:0 for the week of February 17 (nonlactating), 
73:0 and 378:3 (or 126:1) for the week of February 
24 (lactating and nonlactating, respectively). 
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FIGURE 6.—WEEKLY AVERAGE IODINE-131 CON- 
CENTRATION IN BOVINE THYROIDS FROM 
THE OKLAHOMA CITY MILKSHED 
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FIGURE 7.—WEEKLY AVERAGE IODINE-131 CON- 


CENTRATION IN BOVINE THYROIDS FROM 
THE DALLAS MILKSHED 
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Conclusions 


It is apparent, from looking at the graphs for 
Des Moines, Kansas City and Salt Lake City, 
that some of the earliest reported values reflect the 
decaying of iodine-131 in fallout which occurred 
in the winter of 1962. It is not possible at this 
time to assess the significance of fluctuations in 
weekly averages from <1.0 pe/g to 3.0 pe/g. 
They may be caused by counting error alone or 
there may actually be trace levels of I'* on the 
pasture. More data will be needed to establish a 
base line for each milkshed so that deviations 
from this base line may be easily recognized. 
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Environmental Levels of Radioactivity at Atomic 


Energy Commission Installations 


The U.S. Atomic Energy Commission receives 
from its contractors semi-annual reports on the 
environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring pro- 
grams where operations are of such a nature that 
plant perimeter surveys are required. 

Summaries of the environmental radioactivity 
data for 22 AEC installations have appeared 
periodically in Radiological Health Data since 
November 1960. Summaries follow for Lawrence 
Radiation Laboratory sites. 


LAWRENCE RADIATION LABORATORY 
Calendar Year 1962 


University of California 
Berkeley, California 


Berkeley Site 


The Berkeley site of the Lawrence Radiation 
Laboratory is located to the east of the campus of 
the University of California (see figure 1). Tech- 
nical facilities include a 6.3 Bev proton accelerator 
(Bevatron), a 700 Mev cyclotron, a linear accelera- 
tor of 10 Mev per nucleon, and various chemistry 
physics laboratories. The Bevatron, the largest 
source of radiation at the boundaries, was not in 
operation during the second half of 1962. Due to 
high humidity and water leaks, the electronic 
counting equipment was removed from the en- 
vironmental monitoring stations. 

The environmental sampling program includes 
monitoring of the atmosphere, water and rain or 
dry deposition. Three types of atmospheric 
sample are taken: stack samples, local area 
samples and perimeter samples. Data for these are 
shown in table 1. 


TARLE 1.—ATMOSPHERIC MONITORING, 
BERKELEY SITE—1962 


[Average concentrations in pc/m!‘] 





Total First half Second half 
Sampling number |__ Se Meee a 
locations of 


samples Alpha Beta Alpha Beta 








Stacks. __--- conan 2079 0.008 


3.86 0.007 2.13 
Local area - - - ~~ 312 0.000 4.44 0.000 4.82 
Perimeter _. “ 194 0.001 5.77 0.001 4.84 
Reference sample - -- 50 0.001 4.26 0.000 3.49 
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FIGURE 1.—ENVIRONMENTAL SAMPLING LOCA- 
TIONS AT THE BERKELEY SITE, LRL, 1962 


Approximately 36 “stacks” (increased to 60 by 
the end of 1962), mostly laboratory hoods and 
glove box exhausts, are being sampled. These 
represent the greatest potential for releasing 
activity. One-inch-diameter filters are used at 
flow rate of one liter per minute. The filters are 
changed weekly and counted for beta by an end 
window G-M tube and for alpha by a zine sulfide 
scintillation detector. Limits of detection for an 
individual stack sample were 0.12 pc /m* alpha and 
1.8 pc /m beta for the first half of 1962. The alpha 
limit was lowered to 0.10 pe /m# for the last half of 
1962. Local area and perimeter air samples are 
taken on outdoor areas on the Laboratory site and 
at the property line, respectively. The samples 
are taken on 4” x 9” HV-70 filter paper at 4 cfm. 
The filters are changed weekly and are counted for 
alpha by a large area gas flow proportional counter 
and for beta by two30 mg/cm? G-M tubes. A 40% 
loss in the alpha count is assumed for self absorp- 
tion. Limits of detection were 0.12 pe /m? beta and 
0.006 pc/m* alpha for the first half of 1962. 
During the last half of 1962, the limits were 0.15 
pe/m’ beta and 0.005 pe/m* alpha. A reference 
sample on background sampling site is maintained 
at Building 903 in downtown Berkeley. 

Rain or deposition samples are collected in 18- 
inch-diameter cylindrical vessels lined with poly- 
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TABLE 2.—TOTAL DEPOSITION—BERKELEY SITE, 1962 


[Average concentrations in nc/m?] 


First half 
Location eee ite aa —_-. - oo 
No. of No. of 
stations samples Alpha 
DE BOER. cccncnecn 3 64 0.15 
Perimeter 4 7 0.19 
Remote 2 1 0.03 


etheylene bags at local area and perimeter sites. 
Deposition data are given in table 2. At two re- 
mote locations in Berkeley and Oakland, samples 
are collected in small rain gauges. The bag is 
changed weekly at all stations except Building 4, 
where it is changed after each rain. Rain samples 
are poured out and evaporated in beakers. If the 
bag is dry, it is rinsed out with dilute nitric acid 
which is then evaporated. Final evaporation is in 
2” diameter stainless steel planchets which are then 
flamed and coated with a thin film of lacquer. 
These planchets are counted for alpha in an in- 
ternal flow proportional counter and for beta with 
a thin window low background Geiger flow counter. 
No correction is made for self-absorption in the 
sample. Detection limits vary depending on the 
size of the sample and length of time counted. 

Water samples are taken from _ laboratory 
wastes, on-site streams and off-site streams. The 
laboratory waste is sampled at Buildings 70 and 
71. At Building 70, a continuous sample of the 
chemistry building acid waste system is taken and 
analyzed weekly. This represents about !4 of the 
total Laboratory discharge to the sewer. Samples 
of approximately two liters each are acidified, 
evaporated and counted in the same manner as 
rain samples. Detection limits vary but were no 
greater than 0.3 pe /liter beta for the first half of 
1962. During the last half of 1962, the limits were 
no greater than 0.4 pe/liter alpha and 1 pe/liter 
beta. 

Waste from laboratory areas in Building 71 is 
retained in 350-gallon holding tanks until analyzed. 
A one-quart sample is taken from each tank and is 
handled and counted in the same manner as 
samples taken at Building 70. 

Surface water on the Laboratory site drains into 
two small streams which merge into one at the 
lower end of the University campus. One side 
stream (Upper Strawberry) and the final combined 
stream (Lower Strawberry) are sampled bi- 
weekly; the other side stream (Blackberry) is 
sampled weekly. Six nearby off-site creeks are 
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Second half 


No. of No. of 
Beta stations samples Alpha Beta 
444 ) 61 <.18 195 
355 3 36 <.27 154 
300 1 5 <.22 78 


also sampled. The four nearest ones are sampled 
bi-weekly, the other two more remote ones every 
four weeks. One-quart samples are taken in each 
case and handle in the same way as rain samples. 
The sampling stations are shown in figure 1. 
Results for all water samples are shown in table 3 


Livermore Site 


The Livermore site of LRL is located three miles 
east of Livermore, California (figure 2). Technical 
facilities include a small cyclotron, a two-megawatt 
swimming pool reactor, and physics and chemistry 
programs associated with a weapons development 
program. 

Environmental surveys are conducted for the 
purpose of detecting changes from normal or 
permissible concentrations that could be attributed 
to operations at the Laboratory. Air samples 
were collected to ascertain that control efforts are 
restricting the release of radioactivity from the 
Laboratory to levels which do not exceed the per- 
missible levels for the neighborhood around an 
atomic energy facility. The water samples were col- 
lected to monitor radioactivity in an underground 
water supply which is the sole source of domestic 
water for the cities of Livermore and Pleasanton. 

Air samples are collected continously at 11 sites 
within 5 miles of the LRL. The 4” x 9’”° HV-70 
sampling papers are changed after seven days of 


TABLE 3.—WATER MONITORING, BERKELEY SITE 
1962 


[Average concentrations in pe /liter] 


Total First half 
number : 
Type of sample of 
samples | Alpha 


Second half 


Beta Alpha Beta 


Tap water : 46 0.07 11.0 0.03 9.5 
On-site streams. -- 101 0.14 40.4 0.06 16.7 
Off-site streams 124 0.10 22.6 0.06 6.8 
Sewage (estimated) . 0.09 13.1 0.09 11.0 
Bldg. 70 acid waste : 26 0.15 18.8 0.23 15.0 
Bidg. 71 acid waste -_- 7 1.2 58.8 1.29 44.1 


Total activity discharged 
to sewage system (esti- 
eae a — 1.9 we 187 ue 5.0 we 140 we 
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ENVIRONMENTAL SA 
LIVERMORE SITE, LRL, 1962 


sampling at a rate of 4 cfm. A minimum decay 
period of 96 hours was observed before the papers 
were counted to eliminate the effect of natural 
radon and thoron daughters. The alpha activity 
remaining was measured with a counter equipped 
with a zine sulfide scintillation detector with a 
counting efficiency of about 30 percent. The beta 
activity was measured with a counter using an 
anthracene scintillation detector with a counting 
efficiency of about 13 percent. The standards of 
comparison used were 0.04 pe/m? for alpha and 
19 pe/m? for beta as recommended in NBS hand- 
book No. 69. The limit of sensitivity was 0.00073 
pe/m* for alpha and 0.0059 pe/m' for beta. Re- 


TABLE 4.—AIR MONITORING 


[Average concentra 


Distance from laboratory No. of stations 


No. of samples 


wo 


0.5—1 mile ' ; : 
2—5 miles . 8 195 


TABLE 5. 


RADIOACTIVITY IN UNDERGROUND WATER SUPPLY 


MPLING LOCATIONS AT THE 


sults for air sampling at Livermore in 1962 are 
summarized in table 4. 

Water samples were collected once a month at 
each station located on the underground water 
supply of the Livermore and Amador Valleys. 
The standards of comparison used were 10 pe liter 
for alpha and 600 pc liter beta as recommended 
in NBS handbook #69. The limit of sensitivity 
was 8.9 pe liter for alpha and 41 pe liter for beta. 
The gas proportional counter used in _ these 
measurements had a counting efficiency of 36 
percent for alpha and 31 percent for beta emitters. 
Results of the water sample analyses are shown in 
table 5. 


LIVERMORE SITE, 1962 
tions in pe/m!'] 


First half Second half 


Alpha Beta No. of samples Alpha Beta 
0063 a R4 0032 2.0 
0052 2.4 223 0039 2.0 


LIVERMORE SITE, 1962 


[Average concentrations in pc/liter] 


Location No. of stations 
No. of samples 


Escover Ranch 
LRL....- 
Livermore City 
Pleasanton 
Veterans Hospital - 


ee CON 
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First half Second half 
Alpha Beta No. of samples Alpha Beta 
g 2 <é6R f % 9 46 
-2.9 6R 12 <29 ©43 
“2.2 GR 20 g 9 41 
“2.92 6R R.9 61 
“2.2 6R ‘ R 9 42 
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TABLE 6.—SAMPLING PROGRAM-—SITE 300, 1962 





Second half 











First half 
Sample No. of stations 
No. of samples Alpha Beta | No. of samples | Alpha } Beta 
RET ee 6 318 .0039 2.1 | 416 | 0044 | 2.7 
inca cheats aiid Wale acne etaies'e 6 35 


Water (pce/liter) 


Site 300 


Site 300 is part of the LRL operation at Liver- 
more. The site is located in a very sparsely 
populated ranching area about 17 miles southeast 
of LRL at Livermore. Air and water samples are 
taken to determine whether operations at Site 300 
are changing the normal concentrations in the 
vicinity. Lack of power facilities necessitated 
installation of most of the air samplers within the 
boundaries of the site. All the water samples were 
taken from wells located on the site because they 
are the only readily accessible source of under- 
ground water in the area. All samples, air and 
water, are processed at LRL, Livermore. 

Air sampling was on a continous basis at six 
stations, and the sampling paper was changed on 
an irregular schedule. The standards of com- 
parison for alpha are 1 pc/m' for the on-site 
stations and 0.1 pc/m' for the off-site station 
located at Tracy, eight miles northeast of Site 300. 
The standards for beta are 1,000 pc/m* on-site and 
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<8.2 <68 34 | 15 | 230 


100 pe/m off-site. Average results for all air 
station samples combined are shown in table 6. 
During the first half of 1962, the concentrations of 
beta emitters averaged about twice the permissible 
levels for general population areas. The level is 
about the same as the observed Livermore en- 
vironmental samples and is attributed to the 
remnants of fallout from the U.S.S.R. tests. 

Water samples were taken at six on-site stations 
and one off-site station during the first half of 1962 
and two off-site stations during the last half of 
1962. The standards of comparison for alpha are 
6,000 pe /liter for on-site locations and 600 pc/liter 
for off-site locations. For beta emitters, the stand- 
ards are 30,000 pc/liter for on-site locations and 
3,000 pe/liter for off-site locations. Average re- 
sults for each half of 1962 are given in table 6. 


Previous Coverage in Radiological Health Data: 
Period Issue 


Fourth Quarter 1960 March 1962 
First Half 1961 March 1962 
Second Half 1961 October 1962 
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Bone/Diet Observed Ratios, 1962! 


Joseph Rivera? 


One aspect of the program of investigation at 
the Health and Safety Laboratory on the passage 
of strontium—90 through food chains to man has 
been the determination of the concentrations of 
stable strontium present in the various compo- 
nents of the food chain and in man’s skeleton. 

An estimate of the degree of discrimination by 
the body between strontium and calcium can be 
made by comparing the ratio of these elements in 
the diet with the ratio found in bone (Observed 
Ratio). Estimates of stable strontium intake by 
residents of New York City, Chicago, and San 
Francisco were made in the quarterly report dated 
October 1, 1962 (HASL-131) (1, 2). Additional 
data have been obtained and new estimates, 
calculated averaging all the data, are presented 
in table 1. At least two, and in some cases as 
many as four, samples from each food category 
were analyzed. There was considerable varia- 
bility in the results obtained for most food cate- 
gories but no seasonal effect was noted. The 
previously described geographic pattern of stable 
strontium intake is apparent in these estimates. 
The highest stable strontium intake is in San 
Franscisco, the lowest in New York City, with 
Chicago having values intermediate to these. 

The data concerning food consumption of an 
average individual in the U.S. population, also 
shown in table 1, is from the U.S. Department of 
Agriculture, ‘‘Household Food Survey of 1955” 
(6). Since the calcium content of the various 
foods is relatively constant, the average intake of 
calcium, as revealed by the ‘‘Tri-City Diet Study”’ 
(7), is presented in table 1. 

Data on the stable strontium content of human 
vertebrae have previously been reported in the 
quarterly report dated January 1, 1963 (HASL 

132) (3, 4). Additional data have been obtained 
and the averages of all the data are presented in 
table 2. Although the average concentration of 
stable strontium in adult and children’s bones do 
not differ very much from those previously re- 


1 Data abstracted from Quarterly Summary Report, 
HASL-138, pp, July 1963. 

2? Mr. Rivera is a physicist on the staff of the Environ- 
rental Studies Division, Health and Safety Laboratory, 
U.S. Atomic Energy Commission, 376 Hudson Street, New 
York 14, New York. 
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Tri-City Diet Study—Stable Strontium-Calcium 


ported, the averages reported in table 2 have a 
greater statistical validity by virtue of the larger 
number of samples processed. 

A summary of the data presented in tables 1 


and 2 and the Observed Ratios E (bone) /= 


Ca Ca 
found at the three cities is presented in 


table 3. The average calcium concentration 
found in the ashed vertebrae was 37 percent. This 
result has been used in calculating the Sr/Ca ratios. 


(diet | 


Procedure 


Most of the analyses of foods as well as bone 
were done by emission spectroscopy. A quality 
control program, intercomparing samples with re- 
sults obtained by neutron activation analysis and 
by flame photometry on all types of matrices, 
showed generally good agreement between meth- 
ods. The estimated precision of the analyses was 
+5 percent. There was no evidence that bone 
samples were giving systematically lower results 
than food samples. 

It has been assumed that vertebrae have the 
same strontium content as other parts of the skele- 
ton. This assumption is supported by the research 
of Thurber, et al. (5) on the variability of stron- 
tium concentrations between bones in eleven 
cadavers. 


Discussion 

Adult Strontium-Calcium Discrimination: The 
bone-diet Observed Ratios for adults (>20 years 
old) are consistent with those previously reported 
(4) with each of the three cities having a ratio of 
0.16. Because of the many uncertainties involved 
in estimating the intake of stable strontium and 
the variability noted in the stable strontium con- 
centrations found in bone, the diet-bone Observed 
Ratio of 0.16 should be regarded only as a best 
estimate from the data available at present. 

Child Strontium-Calcium Discrimination: The 
bone-diet Observed Ratios for children (1-20 years 
old) averaged 0.14 for the three cities with no 
significant differences observed between the cities. 
The difference between adult and child observed 
ratios are also statistically not significant. 
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TABLE 1. 


ANNUAL 


Average U.S. 
consumption! 


Food category 


INTAKE, 1962 


New York City Chicago 

















AVERAGE PERSON DIETARY CONSUMPTION AND ANNUAL STABLE STRONTIUM 


San Francisco 














Food Calcium Concentration Intake Concentration Intake Concentration Intake 
kg/yr) (g/yr) mg Sr/kg food) mg Sr/yr) (mg Sr/kg food) | (mg Sr/yr) | (mg Sr/kg food) mg/yr) 
Bakery products 37 37.0 2.46 91.0 2.54 0 1.96 72.5 
Whole grain products : 11 10.0 2.54 27.9 2.31 4 2.67 29.4 
Eggs 16 9.1 1.19 19.0 1.29 6 1.21 19.4 
Fresh vegetables. 43 15.0 1.49 64.1 2.40 103 .2 S. 53 90.7 
Root vegetables 17 6.1 2.59 44.0 4.95 2 5.33 90.6 
Milk 221 234.3 0.32 70.7 0.26 5 0.76 168.0 
Poultry 17 9.2 0.34 5.8 0.22 [7 0.22 3.7 
Fresh fish 8 10.8 4.89 89.1 3.31 6 2.24 17.9 
Flour 43 8.6 0.51 21.9 0.69 Pe 0.58 24.9 
Macaroni 3 0.7 0.52 1.6 0.64 9 0.81 2.4 
Rice 3 aoe 0.21 0.6 0.18 5 0.32 1.0 
Meat 73 10.9 0.17 12.4 0.18 —s 0.16 11.7 
Shellfish 1 0.8 13.9 13.9 5.64 5.6 7.73 FS | 
Dried beans 3 2.9 3.27 4 9.8 3.94 8 3.98 11.9 
Fresh fruit - 68 13.6 1.28 87.0 1.54 104.7 1.43 97.2 
Potatoes 45 5.8 0.70 31.5 1.23 4 0.99 44.6 
Canned fruit 26 1.3 0.37 9.6 0.38 = 0.37 9.6 
Fruit juices . 19 L.¥ 0.42 8.0 ).70 3.3 0.52 9.9 
Canned vegetables 20 4.2 1.51 30.2 74 .8 0.77 15.4 
Annual intake- 674 383 588.1 695.8 728.5 
Mg Sr/g Ca 1.53 1.82 1.90 
1 From the United States Department of Agriculture Household Consumption Survey of 1955 (6). 
TABLE 2.—AVERAGE STABLE STRONTIUM IN HUMAN VERTEBRAE, 1962 
New York City Chicago San Francisco 
Age at death a. we: 1 oe oe. ee eyes De OM ee 
(years) Number of Strontium Number of Strontium Number of Strontium 
samples (ppm*) samples (ppm*) samples (ppms®) 
FRCS te ee Re 3 69 1 96 3 122 
A er TG 3 70 1 122 
2-3 3 80 2 717 2 130 
3- 4 3 75 1 65 2 142 
4— 5. 3 66 1 116 2 137 
RIES eee aE EK ADRES 1 68 2 92 
6- 7 2 63 61 2 106 
Ce a ES BEE LAE Ts 1 76 73 3 88 
I SERS ee Ae ea eae 1 130 
9-10 2 7 70 
10-12 1 78 1 133 2 111 
OS aR ee a ee rE 3 76 1 77 
14-16 3 111 1 68 2 183 
16-18 3 76 1 71 2 150 
18-20 3 79 1 73 2 158 
20-40 4 86 2 113 4 87 
40-60 3 105 2 98 4 124 
>60 4 94 2 113 2 125 
Averages: 
Infant 0-1 Yr ‘ 69 1 96 3 122 
Child 1-20 Yr. 32 78.8 11 80.4 23 123.5 
Adult >20 Yr. 11 94.1 6 107 .7 10 109 .2 
* Parts per million by weight in ash. 
TABLE 3.—STABLE STRONTIUM IN BONE AND DIET, 1962 
Infant—0-1 year Child—1-20 year Adult— >20 year 
mg Sr/g Ca mg Sr/g Ca mg Sr/g Ca 
Location wtitinstdeinitstite [ie aie Siitalctiinasnciinansiit Bone/diet |______ ctcindvict| mmone/Giet 
observed observed | observed 
Vertebrae! Diet? ratio Vertebrae! | Diet ratio Vertebrae! Diet’ ratio 
New York City 0.19 0.61 0.31 0.21 1.53 0.14 0.25 1.53 0.16 
Chicago ae 0.26 | 0.54 0.48 | 0.22 1.82 | 0.12 0.29 1.82 0.16 
San Francisco 0.33 1.05 0.31 0.33 1.90 | 0.17 | 0.30 1.90 | 0.16 
_ — _ _ -_ =_——/ — -_ — _ —_ — _ -_— —_——__—_ —— - “| —— ———$————— |, 
Average -- —_ 0.37 _ — 0.14 a — 0.16 


Average from table 2 assuming 37% calcium in ash. The error associated with the values is about 0.06 mg Sr/ Ca. 


? From reference 
* From table 1. 
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Infant Strontium-Calcium Discrimination: It 
has been suggested by a number of studies (3, 4) 
that the ability to discriminate between stable 
strontium and calcium in the passage of these 
elements from the diet to bone is less pronounced 
in the infancy than in later years. Estimates of 
the stable strontium and calcium intakes of infants 
during their first year of life from previous studies 
(10) were used in table 3. 

The data do seem to confirm the hypothesis that 
there is less discrimination between strontium 
and calcium in infants than in adults. 

The bone-diet Observed Ratios for infants 
(0-1 year old) averaged 0.37 for the three cities. 
It should be noted that the stable strontium con- 
tent of infant bones from Chicago is based on the 
result of the analysis of a single bone sample, 
whereas for New York City and San Francisco, 
the average result from the analyses of three 
samples were used. It should further be noted 
that no account has been taken in these calcula- 
tions of the Sr/Ca ratio of the bones of the infant 
at birth. The Sr/Ca ratio in infant bones is the 
result of dynamic exchanges between these initial 
concentrations of strontium and calcium derived 
from the mother and those subsequently derived 
from the infant’s diet. It is obvious that much 
additional work will have to be done before a good 
estimate of the degree to which a child’s body can 
discriminate between strontium and calcium is 
achieved. 


Summary 


The average bone/diet ratio of the stable 
strontium to calcium ratio was found to be about 
0.15 for people in the age range <1 year old. If 
this number is correct, the body in fact prefers 
calcium about 7 times more than it prefers stron- 
tium. 

For infants (0-1 year old) the tentative average 
bone/diet Observed Ratio is about 0.33 (weighted 
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average). Thisrepresents a preference for calcium 
rather than strontium by a factor of about 3. The 
infants’ ability to discriminate against strontium 
appears to be about one half that of adults. More 
work needs to be done on strontium-calcium 
discrimination in order to achieve greater statisti- 
cal validity, particularly for infants. 
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Reported Nuclear Detonations 
Through September 1963 


The President indicated in his news conference, 
August 20, 1963, that there had been “36 atmos- 
pheric tests’ and “97... underground tests’ con- 
ducted by the United States since the end of the 
voluntary moratorium on September 15, 1961. 

The Atomic Energy Commission has announced 
that among the 36 tests described as atmospheric 
was one underwater burst. Also, the Commission 
has advised that the 97 tests included all nuclear 
events at the Nevada Test Site, except Sedan, the 
Plowshare Program cratering experiment of July 6, 
1962. This means, in effect, that the President 
referred to 23 underground U. S. weapons related 
tests not previously announced. This number, 
therefore is included in the total of U. S. weapons 
related tests conducted since September 15, 1961, 
but no other data on the 23 tests are available for 
public use. 

The Plowshare Program Project Gnome, con- 
ducted at Carlsbad, New Mexico (1), is not in- 
cluded in the above figures, but 2 joint United 
States-United Kingdom tests of British devices 
are included. Also, Radiological Health Data as- 
signed the single ‘test number 98 to the testing 
conducted at the Nevada Test Site on February 8, 
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1963. Information more recently received from 
the Atomic Energy Commission shows 2 tests con- 
ducted on that date. Thus, to bring the Radiologi- 
cal Health Data system of arbitrarily assigned test 
numbers into conformance with the Atomic 
Energy Commission records, the second test con- 
ducted on February 8, 1963, is assigned the num- 
ber 111; the two U.S.-U. K. tests are assigned test 
numbers 112 and 113; and the 23 previously 
unannounced tests are assigned test numbers 
114-136. 

Two underground nuclear detonations at the 
Nevada Test Site were announced by the Atomic 
Energy Commission during September 1963. Both 
tests were conducted on September 13, one being 
in the low yield range, the other being in the inter- 
mediate range; the arbitrary reference numbers 
137 and 138 are respectively assigned. (Low yield 
range means less than 20 kilotons; intermediate 
yield range is from 20 kilotons to one megaton.) 
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(1) Public Health Service: Announced Nuclear Detona- 
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UNITS AND EQUIVALENTS 




















Symbol Unit Equivalent 
Bev suis 6 de | billion electron volt 
epm....- count per minute 
dpm...... | disintegration per minute 
@ ciceuteen m 
Na. Sn Sein | NOLES ae 1 kg = 1000 gm = 2.2 pounds 
Re square kilometer 
kVp...sJe% | kilovolt peak 
mt. ip sabess cubic meter_.............- | 1m? = 1000 liters 
MEA eee millampere 
mas....... milliampere-second 
MCPS. wens million electron volts 
mi? .---| square mile 
ay tt ae = milliliter 
MP sas millimeter 
mrad.-_-.... millirad 
mrem.._.. millirem ; 
mr/hr.....| milliroentgen per hour 
Wine..s5+6 millimicrocurie............| 1 msec = 1 ne 
ne........| Manocurie................) lne = 1000 pe = 1 myc 
= 10-* curies 
ne/m?*_.... nanocurie per square meter... 1 ne/m? = 1 myc/m? 
= 1,000 guc/m* = 1 mc/km* 
= 2.59 mec/mi*? 
POricktso ch EE 6 ddbaws cnhidce dive | Ll pe = 1 usc = 10~" curies 
r......-..-| roentgen 
wuec....-..| Micromicrocurie........... | 1 wpe = 2.22 dpm 





Multiples 
an 


submultiples 





INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 


Prefixes 


tera 
giga 
mega 
kilo 
hecto 
deka 
deci 
centi 
milli 
micro 
nano 
— 
emto 


Pronunciations 
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